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PREFACE  , 


The  ultimaic  purpose  of  training  Naval  personnel  is  to  produce  a 
combatant  Navy  which  can  ensure  victory  at  sea.  A  Consequence  of  the 
quality  of  training  given  them  is  their  superior  state  of  readiness.  Its  result  is 
a  victorious  Navy. 

This  Rate  Training  Manual  and  Nonresident  Career  Course  (RTM/NRCC) 
form  a  self-study  paekage  that  .will  enable  ambitious  Aviation  Support 
Equipment  Technician  M  to  help  themselves  fulfill  the  requirements  of  their 
rating.  » 

Designed  for  individual  study  and  upt  formal  classroom  instruction,  the 
RTM  provides  subject  matter  that  relates  directly  to  the  occupational 
qualifications  of  the  Aviation  Support  'Equipment  Technician  M  rating.  The 
NRCC  provides  Hie  usual  way  of  satisfying  the  requirements  for  completing 
the  RTM.  The  .>et  of  assignments  in  the  NRCC  includes  learning  objectives 
and  supporting  items  designed  to  lead  students  through  the  RTM. 

This  Rate  Training  Manual  and  Nonresident  Career  Course  were  prepared 
by  the  Naval  Education  and  Training  Program  Development  Center, 
Pcnsacola,  Florida^  for  the  Chief  of  Naval  Education  and  Training.  Teclmicai 
assistance  was  provided 'by  the  Aviation  Support  Equipment  Technician 
School,  Memphis,  Tennessee  and  NAMTD  3032,  Jacksonville,  Florida. 
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THE  UNITED  STATES  NAVY 

GUARDIAN  OF  OUR  COUNTRY 

The  United  States  Navy  is  responsible  for  maintaining  control  of  the  sea 
and  is  a  ready  force  on  watch  at  home  and  overseas,  capable  of  strong 
action  to  preserve  the  peace  or  ot  instant  offensive  action  to  win  in  war. 

It  is  upon  the  maintenance  of  this  control  that  our  country's  glorious 
future  depends;  the  Uni;ed^States.Navy  exists  to  make  it  so. 

WE  SERVE  WITH  HONOR 

tradition,  valor,  and  victory  are  the  Navy's  herit^e  from  the  past.  To 
these  may  be  added  dedication,  discipline,  and  vigilance  as  the  watchwords  ^ . 
of  the  present  and  the  future. 

At 'home  or  on  distant  stations  we  serve  with  pride,  confident  in  the  respect 
of  our  country,  our  shipmates,  and  our  families. 

Our  responsibilities  sober  us;  our  adversities  strengthen  us. 

Service  to  God  and  Country  is  our  special  privilege.  Wa?  serve  with  hono^. 

THE  FUTURE  OF  THE  NAVY  : 

The  Navy  will  always  employ  new  weapons,  new:  techniques^.mcL — 
greater  poWer  to  protect  and  defend  the  United  States  on  the  sea.  under 
the  sea.  and  in  the  air.  !l_  *  _ 

Now  and  in  the  future,  control  of  the  sea  give%.the  United  States  her 
greatest  advantage  for  the  maintenance  of  peace  andrfor^rctory  in  war. 

Mobility,  surprise,  dispersal,  and  offensive  poWer  are  the  keynotes  of 
the  new  Navy.  T'-ie  roots  of  the  Navy  lie  in  a"  stroog  belief  in  the. 
future,  in  continued  dedication  to  our  tasks,  and  in  reflection  on  our 
heritage  from  the  past.  ' 

Never  have  our  opportunities  and  bur  responsibilities' been  greater. 
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CHAPTER  1 


AVIATION  SUPPORT  EQUIPMENT 
TECHNICIAN  M  RATING 


This  Rate  Training  Manual  is  designed  as  a 
self-study  text  for  use  by  those  personnel  of  the 
Navy  and  Naval  Reserve  ,who  are  preparing,  to 
meet  the  professional  (technical)  qualifications 
for  advancement  to  Petty  Officer  Third  Class 
and  Petty  Officer  Seconji  Class  in  the  Aviation 
Support  Equipment  Technician  M  (ASM)  rating. 
A  second  purpose  of  this  manual  is  the 
improvement  of  job  skills.  This  purpose  is 
achieved  through  use  of  the  manual  as  a  study 
aid  in  conjunction  with  on-the-job  training. 

Minimum  professional  qualifications  for 
advancement  in  "^^U  ratings  are  listed  in  the 
Manual  of  Navy  Enlisted  Manpower  and 
Personnel  Classifications  and  Occupational 
Standards,  NAVPERS  1 8068  (Series).  Formerly 
designated  as  the  Manual  of  Qualifications  for 
Advancement,  NAVPERS  18068  is  often 
referred  to  as  the  **Quals"  Manual. 

The  occupational  standards  upon  which  this 
Rate  Training  Manual  is  based  are  those 
appearing  in  Change  C  of  NAVPERS  18068.  It 
should  be  kept  iri  mind  that  any  changes  in  the 
qualifications  occurring  after  the  (C)  revision  of 
the  **Quals"  Manual  may  not  be  reflected  in  the 
information  presented  in  this  training  manual. 

This  chapter  provides  information  on  the 
enlisted  rating  structure,  the  ASM  rating, 
requirements  and  procedures  for  advancement, 
and  references  that  will  help  you  in  working  for 
•advancement  and  in  performing  your  duties  as 
an  ASM.  Also  included  is  irvf^rmation  on  how  to 
make  the  best  use  of  Rate  Training  Manuals.  It  is 
therefore  strongly  recommended  that  you  study 
this  chapter  carefully  before  beginning  intensive 
study  of  the  remainder  of  the  manual. 


ENLISTED  RATING 
STRUCTURE 

The  present  enlisted  rating  structure  consists 
of  general  ratingya.nd  service  ratings. 

General  ratings  identify  broad  occupational 
fields  of  related  duties  and  furictions.  Some 
general  ratings  include  service  ratings;  others  do 
not.  Both  Regular  Navy  "and  Naval  Reserve 
personnel  may  hold  general  ratings. 

The  general  rating  provides  the  primary 
means  of  identifying  billet  requirements  and 
personnel  qualifications;  it  is  established  or 
disestablished  by  the  Secretary  of  the  Navy;  and 
it  is  prpvided  a  distinctive  rating  badge.  The  \ 
general  rate  is  the  pay  grade  level  within  the 
general  rating.  - 

Service  ratings  .  ideijitify-  subdivisions  or 
specialities  within  a  general  rating  which  require 
.related  patterns  of  aptitudes  and  qualifications, 
and  which  provide  paths  of  advancement  for 
career  development.  Although  service  ratings  can 
exist  at  any  petty  officer  level,  they_are  most 
common  at  the  P03  and  P02  levels.  Both 
Regular  Navy  and  Naval  Reserve  personnel  may 
hold  service  ratings. 

The  Navy..  Enlisted  Classification  Coding 
System  (NEC)  has  been  set  up  to  help  the  Navy 
match  the  right  ^person  with  the  right  job.  By 
identifying  billets  that  "require  special  skills,  and 
by  identifying  people  who  have  or  can  develop 
these  special  skills,  the  NEC  system  provides  the 
Navy  with  a  means  of  getting  maximum 
usefulness  from  its  manpower.  Any  person  who 
gains  the  qualifications  associated  with  one  of 
the  special  .skills  is  given  a  code  number,  called 
his  NEC. 
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AVIATION  SUPPORT  EQUIPMENT 
TECHNICIAN  (AS)  RATING . 

The  AS  ratinp  is  divided  into  three  service 
ratings  at  pay  graces  E-4  and  E-5.  fhe  service 
ratings  are  ASE  (Electrical),  ASH  (Hydraulics 
and  Structures),  and  ASM  (Mechanical).  The 
general  rating,  AS,  applies  at  pay  grades  E-6 
through  E-9. 

Figure  1-1  illustrates-  all  paths  of 
advancement  for  an  Airman  Recruit  to  Master 
Chief  Aviation  Support  Equipment  Technician, 
Chief  Warrant  Officer  (W-4),  and  to  Liinited 
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Figure  1-1.— Paths  of  advancement. 


Duty  Officer.  Shaded  areas  indicate  career  stages 
where  qualified  enlisted  personnel  may  advance 
to  Warrant  Officer  (W-l),:and  where  selected 
Warrant  Officers-may  advance  to  I  imited  Duty 
Officer.  Personnel  in  enlisted  rates  and  warrant 
ranks  not  in  shaded  areas  may  advance  only  as 
indicated  by  the  arrows. 

Figure  1-2(A)  illustrates  the  active  duty 
advancement  requirements  from  E-1  through 
E-9.  Figure  1-2(B)  illustrates  the  inactive  duty 
advancement  requirements. 

The  Aviation  Support  Equipment 
Technician  M  (Mechanical)  services,  tests,  and^ 
performs  maintenance  and  repair  of  gasoline  and 
diesel  engines  in  mpbile  and  self-propelled 
aviation  support  equipment  and  7  aYso^ 
automotive  systems,  including  fuel  systems, 
transmissions,  differentials,  and  steering  systems; 
^maintains  gas  turbine  compressor  units  and  air 
conditioning  systems  used  in  servicing  aircraft; 
maintains  and  operates  gas  turbine  compressor 
unit  test  stands;  and  performs  periodic 
maintenance  inspections  of  aviation  support 
equipment. 

As  an  ASM 3  or  ASM2,  your  assignment 
possibilities  cover  a  wide  range  of-  duties  and>. 
responsibilities.  Your  specific  duties  will  depend 
to  a  great  extent  upon  the  type  6f  organization 
to  which  you  arc  attached.  A  greater  number  of 
ASMs  are  assigned  to  activities  which  perform 
intermediate  level  maintenance.  These  billets 
exist  abqard  aircraft  *  carriers  and  naval  air 
stations.  In  each  instance,  tlie  ASM  will  most 
likely  be  attached  to  the  support  equipment 
division  of  the  Aircraft  Intermediate 
Maintenance  Department  (AIMD). 

The  ASM  may  also  be  assigned  to  a  unit  that 
performs  organizational  maintenance.  The  unit 
may  be  permanently  attached  to  a  particular 
naval  air  _station,_  or  may^use  /^  certain  naval  air. 
station  as  a  home  port  and  alternate  between  tlie 
station  and  a  ship  or  between  the  home  pj?rt  and 
another  land  base  or  bases. 
^  Instructor  duty  is  available  to  the  ASM2  and 
in  special  instances  may  be  available  to  the 
ASM3:  Instructor  billets  are  available  in  the  AS 
school  of  NAS  Memphis,  Millington,  Tennessee, 
in  - the  Naval  Air  Maintenance  Training  Gj-o up 
(NAMTG)  with  headquarters  at  Memphis,  and 
with  the  Chief  of  Naval  Education  and  Training 
Support  in  Pensacola,  Florida. 
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REQUIREMENTS* 

El  to  E2 

E2  to  E3 

#  E3 

to  E4 

if  E4 
to  E5 

E6 

,   to  E6 

tE6 

to  E7 

\E1 
to  E8 

f  E8 
to  E9 

SERVICE 

J'  . 

4  mos. 
service- 

or 
comple- 
tion of 
Recruit 
Tralninpr. 

8  mos. 
ascE-2, 

6  mos. 
as  E-S; 
2  years 
time  in 
service. 

12  mos. 
as  E.4. 
3  years 
time  in 
service. 

24  mos. 
asE-5. 
6  years 

tiiTiP  in 

V 1  AAl  C  111 

service. 

36  mos. 
as  E6. 
9  year? 

Wmp  in 
tllilc  111 

service 

36  mos. 

fXO  U~  f  .  ~ 

8  of  12 

yedrs 

tim^in 

service 

must  be 

enlisted. 

36  mos. 

as  Cro. 

10  of  15 
years 
time  in 
service 
must  be 
enlisted. 

X 

SCHOOL  - 

Recruit 
Training. 
(C.O. 
may  ad- 
vance up 
to  10% 
of  gradu- 
ating 
class,) 

'I '  I' 

Class  A 
for  PR3, 
DT3, 
PT3, 
AME  3, 
HM  3, 
PN  3, 
FTB  3, 
MT  3, 

Navy 
School 
for  AGC, 

Muc; 

MNCtt 

PRACTICAL 
FACTORS 

PERFORMANCE 

Locally 
prepared 
check- 
offs. 

R( 

jcord  of  IVacticvil  Factors,  NAVEDTR. 
completed  for  E^3  and  all  PO  advan 

Specified  ratings  must  complete 

^  1414/1 

cements. 

must  be 

TEST 

ENLISTED 
PERFORMANCE 
EVALUATION 

As  used 
when  api 
advancer 

by  CO 

^roving 

nent. 

applicable  performance  tests  be- 
fore taking  examinations. 

Counts  toward  performance  factor  < 
vancerrient  mul^ple. 

jredit  in  a 

d- 

EXyjMINATIONS** 

Locally 
prepared 
teslB, 

'  See 
below, 

Reauirc 

Navywide  examinations 
required  for'all  PO 
advancements. 

id  for  E-3  and  all  PO  advanc 

Navy  wid 
ements 

e  selection  board. 
Nonresident  career 

RATE  TRAINING 
MANUAL  (INCLUD- 
ING MILITARY 
REQUIREMENTS) 

unless  waived  because  of  school  comple- 
tion, but  need  not  be  repeated  if  identical 
course  has  already  been  completed.  See 
NAVEDTRA  10052  (current  edition). 

courses  and 
recommended 
reading.  See 
NAVEDTRA  10052 
(current  edition). 

Commanding 
 Officer 

NAVEDTRA PRODEVCEN 



♦All  advancements  require  commanding  officer's  recommendation, 
i  3  years  obligate^  service  required  for  E-7,  E-8,  and  E-9. 
#  Military  leaderfehip  exam  required  for  E-4  and  E-5. 
For  E-2  to  E-3,  NAVEDTRAPRODEVCEN  exams  or  locally  prepared  tests  may  be  used, 
"tl  Waived  for  qualified  EOD  personnel. 


Figure  1-2(A).— Active  duty  advancement  requirements. 
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REQUIREMENTS*  ; 

El  to 
E2 

E2  to 
F3 

E3  to 
E4 

E4  to 

-^ES 

E5  to\ 
E6-  ^ 

EG\to 

TOTAL  TIME 
IN  GRADE 

4  rrios. 

8  moe\ 

6  mos. 

\. 

12  mos. 

24  mos. 

•3(Lmps. 
with  \ 
total 
8  yrs 
service 

•3^G  mos. 
witl^ 
totalX 

servi€^ 

24  mos. 
with  ' 
total 
13^vrp 

service 

TQTAL  TRAINING 
DUTY  IN  GRADE t 

14  days 

14  days 

14  days 

14  days 

\,    "  ■ 

28  days 

42  days 

\ 

42  days 

2CN3avV 

PERFORMANCE 
TESTS 


Specified  ratjjngs  must  complete  applicable 
performance  tests  before  taking  examination. 


DRILL\ 
PARTICIPATION 


Satisfactory  participation  as  a  raember  of  a  drill  unit 
in  accordance  with  BUPERSINST'5400.42  series. 


PRACTICAL  FACTORS 
(INCLUDING  mLITARY 
REQUIREMENTS) 


Record  of  .Practical  Factors.  NavEdTra  1414/1;  must 
be  completed  for  all  advancements. 


RATE  TRAINING 
MANUAL  (INCLUDING 
MILITARY  REQUIRE- 
MENTS) 


Completion  of  applicable  course  or  courses  must  be  entered 
in  service  record.  j 


EXAMINATION 


Standard  Exam 


AUTHORIZATION 


Commanding 
Officer 


Standard  Exam 
required  for  all  PC 
advancement^. 
Also  pass 

Military  Leadership  Exam 
for  E-4  and  E-5. 


Standard  Exam. 
Selection  Board. 


NA  V  EDTRA  PR  OD  E  VC  EN 


♦Recommehdation  by  commanding  officer  required  for^all  advancements, 
i  Active  duty  periods  may  be  substituted  for  training  duty. 


Figure  1-2(B).— Inactive  duty  advancement  requirements. 
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instructor  billets  are'normaUy  filled  on 'a 
voluntary  basis.  Detailed  information  concerning 
assignment  to  instructor  duty  is  contained  in  the 
Enlisted  Transfer  Manual,  NAVPERS  15909 
(Series).  ^ 

Since  you  have  been  in  pay  grade  E-3  or  E-4 
^<or  some  time,  you  realize  that  more  leadership  is 
re^VJired  of^the^  higher  rates.  Not  only  are  you 
require^d  to  have^  superior  knowledge,  hut  you 
~  are  alsdXequired  to  have  the  ability  to  handle 
,  personnel. "This  ability  increases  in  importance  as 
you  advance  through  the  various  rates  as  a  petty 
officer.       ^     ' ;  ^ 

In  General  OrdersNo.  21,  the  Secretary  of 
the  Navy  outlined  som^  qf  the  most  important 
aspects  of  naval  leadership.  By  naval  leadership 
is  meant  the  art  of  accomplishing  the  Navy's 
mission  through  people.  It  is  the  sum  of  those 
qualities  of  intellect,  of  human  understanding, 
and  of  moral  character  that  enables  a  person  to 
inspire  and  to  manage  a  group  of  people 
successfully.  Effective  leadership,  therefore,  is 
based:  oh  personal  example,  good  management 
practices;\and  moral  responsibility.  The  term 
leadership  includes  all  three  of  these -clement^.^ 

The  current  Navy„  Leadership  Program  is 
designed  to  keeptlie  spiiit  of  General  Qrder  J^o. 
21  ever  before  you.^IX^the  threefold  objective  is 
carried  out  effectively  "in  every  command,,  the 
progran?  will  make  you  a  better  leader  of  men  in 
your  present  billet  and  ^in,  your  future 
assignments.  As  you  advance  up'^tjie  ladder  of 
^leadership,  your  worth  to  the  NaVy^  wiirbe 
jVi^ged  increasingly  on  the  basis  of  the^amount^ 
of'^fficient  work  'you  obtain  from  ^ovir 
subprdinates  rather  than  how  much  of  the  actual" 
work  you  do -yourself.  * 
For  information  on  the  practical  application 
of  leadership  and  supervision,  study  Military 
Reqiiirementh^  for  .  Petty  Officer  3  &  2, 
NAVEDTRA  lCq56  (Series). 

\ 

ADVANCEMENT 

\  ^ 

^  Both  you  and  the  Navy  beneiit  from  your 
advancement.  You  get  mbre  pay,  and  ycur 
assignments"  are  ino re  interesting  and 
challenging.  You  can  enjoy  getting  ahead  in  the 
Navy  on  yijur  o\yn  efforts,  :- Highly  trained 
personnel  Sre  essential  to  the  functioning  of  the 


J^avy.  By  advancement,  you  increase  your  value 
to  the  Navy  in  two  ways:  First,  you  become 
mor,e  valuable  as  a  technical  specialist  in  your 
own  rating;  and  second,  , you'  become  more 
valuable  as  a  person  who  can  train  others,  and 
thus  make  "far-reaching  contributions  ta^the 
entire  Navy, 

Tht  advancement  system  includes  those 
requirements  that  must  be  met  before  you  may 
be  considered  for  advancement  and  those  factors 
that  actually  determine  whether  or  not  you  will 
be  advanced.  In  this  part  of  this  chapter 
information  is  presented  to  help  you  prepare 
and  become  qualified  for  advancement  and  to 
inform  you  ofi.the  method  used  for  selecting 
those  who  will  be  advanced. 

BUPERS  Notice  1418  will  give  you 
information  on  advancement  examinations. 
Have  your  Educational  Services  Officer  or  your 
Training  JPet'ty  Officer  explain  parts  oC^i these 
notices  you  do  not  understand. 

PREPARING  FOR  .  ' 

'ADVANCEMENT 

'  ■it'' 

What  must  you  do  to  '  prepare  for 
advancement?  Ypu  must  §tudy  the  qualifications 
for  advancemenjt,  work  on  the  practical  factors, 
study  the  reqi^red'^Rate  Training  Manuals  and 
other  material  ihat  is  required.  You  will  need^to 
be  familiar  witli  the  following: 

1.  Manual  of  Navy  Enlisted  Manpower  and 
Personnel    Classifications    and  Occupational 
Standards,  NAVPERS  18068  (Series). 
\  2.   Record    of    Practical  Factors, 
NAVEDTRA  1414/1.  . 

3.  Bibliography  for  Advancement  Study, 
NAVEDTRA  10052  (Series). 

4;   ApplicaWe  Rate  Training  Manuals  and 
their  companion  Nonresident  Career  Courses. 

5.  E  xa  m  i  n«  t  ion  -  for  advancement 
procedures. 

>> 

Collectively,  these  documents  make  up  an 
integrated  training  package  tied  together  by  the 
occupational  standatds.  The  following* 
paragraphs  describe  these  materials  and  gjve 
some  information*  on  how  each  one  is  related  to 
the  osiers. 
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"Quals^^  Manual 

^  .J  ■   '     ■  . 

ftty  The  Manual  of  Navy  Enlisted  .Manpower  and 
Personnel  Classifications'  and  Occupational 
Standarj^,  NAVPERS  18068  (Series),  ^ives  the 
minimum  reiquirements  for^advancemenf.  This 

..  manual  is  asually  called,  the  "Quals"  Manual, 
•and_  the  ^qualifications  themselves  are  called 
occupational  ^andards.  The  **Quals"  Manual  can 
be- found  in  your.Educatidnaf  Services  Office  or 
may  be  obtained  from  yuur  Training  Petty 
Officer/ 

OccupationaKstandards  are  express  1  as  task 
statements  only,  unlike  the  advancement 
qualifications  which  contain  practical  factors 
and  knowledge  factors.  The  approved  concept 
for  occupational  standards  is  thit  they  define 
what  enlisted  personnel  must  do  in  their  rate  or 
rating  and  that  the  knowledges  required  to 
perform  a  task  are  inherent  to  the  proper 
performance  of  the 'task.  The  practical^ and 
knowledge  factors  presently  in  *the  "Quals" 
Manual  will  "be  replaced  with  occupational 
standards,  o 

Occupational  standards  are  identified  by  a 
five-digit  number  of  which  the  first  two  digits 
identify  the  standard  topic  title  and  the 
remaning  three  digits  identify  the  specific  task 
statement. 

NOTE:  As  stated  previously,  the 
occupational  standards  upon  which  this  Rate 
Training  Manual  is  based  are  those  appearing  in 
NAVPERS  18068-C,  which  is  titled  Manual  of 
Qualifications  for  Advancement.  Therefore,  the 
Jirfaterial  is  based  on  practical  and  knowledge 
factors  which  are  identified  by  alphanumeric 
codes.  For  example,  G2.03,  "Use  of  publications 
'relating  to  the  'inspection,  servicing,"  and 
maintenance  of  aircraft,"  is  a  knowledge  factor 
under  this  system.  In  the  new  NAVPERS  18068 
(Series),  Manual  of  Navy  Enlisted  Manpower  and 
Personnel  Classifications  and  Occupational 
Standards,  the  above  occupational  standard  will 
probably  appear  as  46091,  ''Use  publications 
and.  instructions  to  perform  inspections, 
servicing,  and'  maintenance  of  aircraft."  Any 
reference  to  qualifications  or  occupational 
standards  in  this  manual  pertains  to  the  old 
system^ 


.  The  standards  are  of  two  general  types: 
military  requirements,  and  professional  (or 
technical)  requirements. 

Military  requirements  apply  to  all  ratings 
rather  than  to  any  one  particular  rating.  Military 
requirements  for  advancement  to  third  dass  and 
second  class  petty  officer  rates  deal  with 
military  conduct^  naval  or^nization,  military 
justice,  security,  watch  standing,  and^other 
J  objects  wliich  are  xequired  of  petty  officers  in 
all  other  ratings. 

Professional  requirements  are  technical  or 
prpf^essional  in  nature  and  are  directly  related  to 
the  work  of  each  rating.  Both  the .  military 
requirements  an*cl  the  professional  requirements 
are  divided  ihto  subject  matter  groupsy-then 
within  each  subject  'matter  group,  they  are 
divided  into  specific  task  statements. 

The  occupational  standards  for  ASM  are 
listed  in  this  manual  following  the  index.  Study, 
these  standards  and  the  military  requirements 
carefully.  The  majority  of  th(?  questions  on  your 
advancement  examination  will  try  to  determine 
your  "understanding  of  the  requirements 
reflec^^d  in  the  occupational  standards.  If  you 
are  working  for  advancenrent  to  second  class, 
remember  that  you  may  be  examined  on  third 
class  occupational  standards  a§  well  as  on  second 
class  occupational  standards.  - 

It  is  essefitial  that  the  occupatioYial  Standards 
reflect  current  requirements  of  fleet  and  shore 
operations,  and  that  new  Heetwille  technical, 
operational,  and  procedural  developments  be 
included.  For  these  reasons,  th^.-occupatio;.:J 
standards  are  continually  under  evaluatioiT 
Although  there  is  an  established  schedule'  for 
revisions  to  the  occupational  stanclards  fojLcach 
rating^  urgent  changes  to  the  occupational 
standards  may  ^  be  made  at  any' time.  These 
revisions  are  issued  in  the  form  of  changes  to  the 
'*Quals"  Manual.  Therefore,  never  trust  any  set 
.of  occupational  standards  until  you  ha\c 
checked  "the  change  number  against  an 
up-to-date  copy  of  the  "Quals"  Manual.  Be  sure 
you  have  the  latest  revision.; 

Record  of  Practical  Factors, 
NAVEDTRA  !414/r 

BefoYe  you  can  take  the  Navy-wide. 
examination  for  advancement,  there -must  be  an 


Chapter  1 -AVIATION  SUPPORT  EQUIPMENT  TECHNICIAN  M  RATING 


entry  in  your'service  record'  io  show  that  you* 
.have  qualified  in  the  practicvii  factors  of  both 
the" military  requirementsoand  the  professional 
standards,  A  special  form  known  as  the  Records 

.  of  Practical  Factbrs,  NAVEDTRA  1414/1  (plus 
the  abbreviation  of  the"  appropriate  rating),  is. 
used  to  keep  a  record  of  your  practical  factor 
qualifications.    The    form   lists   ail  ^practical 
factors,  both  military  and  professional.  As  you 

*  demonstrate   your   ability  \tp   perform  each 
practical  factoj,  appropriate  entries  are  made  in  ' 
the  DATE  and  INFTIALS  columns. 

Changes    are    made    periodically   to  tha 
**Quals"    Manual,    and    revised    forms  of^ 
NAVEDTRA    1414/1    are    provided  -  whfen 
necessary.  Extra  space-is  allowed_on  the  Record 
of  Practical   Factors   for  entering  additional 
practical    factors   as   they   are  piiblishea  in" 
changes.  The  Record  *^of  Practical  Factors  also- 
provides    space    for   recording   demonstrated  " 
proficiency  in  skills  which  are  within  the  general  ' 
scope  of  the  rate  but  which  are  not  identified  as 
minimum  qualifications  for  advancement. 

If  you  are  transferred  before  you  qualify  in 
all  practical  factors,  NAVEPTRA  1414/1  should 
be. forwarded  with  your  service  record  to  your 
next  duty  station.  You  can  save  yourself  a  lot  of 
trouble  by  making  sure  that  this  form  is  actually 
iiiserted  in  your  service  record  before  you  are 
transferred.  If  the  ^orm  is  not  in*yo»^»r  service 
record,  you  will  be  required  to  start  over  again 
and  revuialify  in  the  practical  factors  which  have 
already  been  checked  off. 

^second  copy  of  the  Record  of  Practical 
FactjjiS  should  be  nrade  available  to  each  man4n  - 
.pajp grades  E-2  through  E-8  for  his  personal 
.record  and  guidapnce. 

The  importance  of  NAVEDTRA  1414/1 
must  be  strongly  emphasized.  It  >erVes  as 'a 
record  to  indicate  to  the  petty  officers  and 
officers  supervising  your  work  that  you  have 
demonstrated  pro'ficiency  in  the  performance  of 
the  indicated  practical-  factors  and  is  part  of  the 
criteria  utilized  by  your  commanding  bfflcer  ' 
when  ^he    considejis  •  recommending  you  for 
advancement,    in    addition,    the  proQcienL 
demonstration  of  the  applicable  prktical  factor^ 
listed  on  this  form  can  aid  you  in  [preparing  for 
the  examination  for  advancemei^t.  Rcmerrtber  . 
that  the  knowledge  aspects  of/ the  practical 


.  factors  are  coyered  ih  the  examinations  for 
advancerhent.  Certain  knowledge  is  required  to, 

•  demonstrate  these  practical  factors  and 
additional  knowledge  can  be  acquired  during  the 
d  e  m  o  n  s  t  ration.  Background  kno\yledge  is 
required  to  perform  a  certahi  j6}>.  In ^ other 
words,  the '  knowledge  jequired  for  a  certain 
rating  depend^s  upon  the  jobs  ^practical  factors) 
that  must  be  performed  by  personnel  of  that, 
rating.  Therefore,  the  knowledge  required  to 
proficiently  demonstrate  these  fM-actical  factors< 
will  definitely  aid  you  in  preparing  for  the 
examination  for  advancement:  .       /  i 

i  Personnel  Qualific^tioii  "  . 

Standards  '    • ,      .  ^ 

Personnel  Qjualificaiion  Standards  *(PQS>, 
described  in  OPNAV  Instruction  3506.34,  are 
preseritlybeing  utilizeti  to  provide  guidelines  in" 
preparingTbr-- advancement-  and  quajification  to 
operate  specific  equipment  and  systems.  They; 
are  designed  to  support  the  advancement 
requirements     stated  in  the  "Quals"  Martual. 

The  occupational  standards  and  Record  of 
Practical  Factors  ar,^  stated  in  broad  terms.. Each 
PQS  i^  much  more  specific  ijri.  its  questions  that 
lead  to  quahfication.  It  provides  an  analysis  .of 
specific  equipment  and  duties,  assignments,  or 
responsibilities  which  an  individual  or  group  of 
individuals  (within  the  same'  rating)  may  be 
t'AWcd  upon  to  carry  out.  h/othcr'^ words,  each 
-PQS  .provides  an  analysis  of  the  complete 
knowledge  and  skills  required  of  that  rating  tiec} 
to  a  specific  weappn  "system  (aircraft  and/or 
individual  systems  or  components). 

Each  qualificatiort  standard  has  fdur  niain 
subdivisions  in  addition  to  an  introduction  and  a 
glossary  of  PQS  terms.  They  ^re  as  follows: 

,100  Serie.s-Theory     \  ■ 
200  Series  ^System 

300  Series-NVatch'stations    <duties,  assign- 

.   ments  or  responsibilities) 
400  Series-Qualificjjtlon  cards. 

The  itttroduction  explains  the  complete  use 
of  the  qvalification  standard  in  terms  o'f  what  it 
will  m'ean  to  the  user  as  Well  as  how  to  u"^  it. 

^The  Theory  ( 1 00  Series)  section  specifies  the 
theory  background  required  as  a  prerequisite  to 
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the  commencement  of  study  in  the  specific 
.  equipment  or  system  for  which  the  PQS  was 
written.  These  fundamentals  are  normally  taught 
in  the  formal  schools  (Preparatory, 
Fundamentals,  and  Class  A)  phase  of  an 
individual's  training.  However,  if  the  individual 
has  not  been  to  school,  the  requirements  are 
outlined  and  referenced  to  provide  guidelines  for 
a  self-study  program. 

The  Systems"  (200  Series)  section  breaks 
.  down  the  equipment  or  systems  being  studied 
'  nto    functional    sections.    PQS    items  are 
essentially  questions  asked  in  clear,  concise 
statement  (question)  form  and  arranged  in  a 
standard  format.  The  answers  to  the  questions 
must  be  extracted  from  the  various  maintenance 
manuals  covering  the  equipment  or  systems  for 
which  the  PQS  was  written.  This  section  asks  the 
user  to  explain  the  function  of  the  system,  to 
draw  a  simplified  version  of  the  system  from 
memory,  and  to  use  this  drawn  schematic  or  the 
schematic  provided  in  the  maintenance  manual' 
while    studying    the    system   or  equipment. 
Emphasis  is  given  to  such  areas  as  maintenance 
management    procedures,  components, 
component    parts,    principles   of  operation, 
system    interrelations,     numerical  values 
considered    necessary    to    operation  and 
maintenance,  and  safety  precautions. 

•  The    Watchstation    (300    Series):^  section 
includes  questions  regarding  tl\c  procedures  the 
individual  must  know  to  operate  and  maintain 
the  equipment  or  system'.  A  study  of  the  items 
in  the  200  series  section  provides  the  individual 
with  the  required  information  concerning  what 
the  system  or  equipment  does/ how  it  does  it, 
and  other  pertinent  aspects  of  operation.  In  the 
300  series  section,  the  questions  advance  the 
qualification  process  by  requiring  answers  or 
demonstrations  of  ability  to  put  this  knowledge 
to  use  or  to  cope  with  maintenance  of  the 
system  or  equipment.  Areas  covered  include 
normal    operation;   abnormal    or  emergency 
operation;  emergency  procedures  which  could 
limit  damage  and/or  casualties  associated  with  a 
particular  operation;  operations  that  occur  too 
infrei|uently    to    be    considered  maiulatory 
performance    i  t  e  m  s ;    a  n  d    m  a  i  n  t  e  n  a  n  ce 
procedures/instructions  such  as  checks,  tests, 
repair,  replacement,  etc. 


The  400   Series  section  consists  of  the 
qualification    cards.    These    cards    are  the 
accounting  documents  utilized  to  record  the 
individual's  satisfactory  completion  of  items 
necessary   for   becoming  qualified  in  duties 
a  s  s  igned .    Where    the    individual    starts  in 
completing  a  standard  will  depend   on  his 
assignment  within  an  activity.  The  complete 
PQS  should  be  given  to  the  individual  being 
qualified  so  that  he  can  utilize  it  at  every 
opportunity  to  become  fully  qualified  in  all 
areas.of  his  rating  and  the  equipment  or  system 
for  which  the  PQS  was  written.  Upon  transfer  to 
a    different    activity,   each    individual  must 
requalify.  The  answers  to  the  questions  asked  in 
the  qualification  standards  may  be  given  orally 
or  An  writing  to  the  supervisor,  the  branch  or 
division,  officer,  and  maintenance  officer  as 
required  to  certify  proper  qualification.  The 
completion  of  part  or  all  of  the  PQS  provides  a 
basis  for  the  supervising  petty  officer  and  officer 
"  to  certify  completion  ISf  Practical  Factors  for 
Advancement. 


Bibliography  fur  Advancement 
Study 

The  Bibliography  for  Advancement  Study, 
NAVEDTRA  10052  (Scries),  is  a  very  important 
publication  for  anyone  preparing  for 
advancement.  This  bibliography  lists  required 
and  recommended  Rate  Training  Manuals  and 
other  reference  material  to  be  used  by  personnel 
working  for  advancement.  NAVEDTRA  10052 
is  revised  and  issued  once  each  year  by  the  Naval 
Education  and  Training  Support  Command. 
Each  revised  edition  is  identified  by  a  letter 
following  the  NAVEDTRA  number.  When  using 
this  pubhcation,  be  sure  tliat  you  have  the  most 
recent  edition. 

If  extensive  changes  in  qualifications  occur 
between  the  annual  revisions  of  NAVEDTRA* 
10052,  a  supplementary  list  of  study  material 
may  be  issued  in  the  form  of  a  BUPERS  Notice. 
When  you  are  preparing  for  advancement,  check 
with  your  Educational  Services  Officer  or  your 
Training  Petty  Officer  to  see  whether  changes 
have  been  made  in  the  qualifications.  If  changes 
Jiave  been  made,  see  if  a  BUPERS  Notice  has 
been  issued  to  supplement  NAVEDTRA  10052. 
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The  required  and  recommended  references 
are  listed  by  rate  level  m  NAVEDTRA  10052.  If 
you  are  working  for  advanceinent  toJhfeLclass, 
study  the  material  that  is  listed  for  third  class.  If 
you  are  working  for  advancement  to  second 
class,  study  the  material  that  is  listed  for  second 
class,  and  remember  that  you  will  also  be 
examined  on  the  references  listed  at  the  third 
class  level.  ~  - 

NOTE:  Personnel  preparing  foradvancement 
will  be  examined  on_the  TOTAL 
BIBLIOGRAPHY.  Publications  listed  for  a  given 
paygrade  frequently  make  specific  reference  to 
other  publications.  These  specific  referrals  are 
part  of  the  TOTAL  BIBLIOGRAPHY.  Emphasis 
must  be  placed  on  the  military/technical 
TOTAL  BIBLIOGRAPHY  for  each' paygrade; 
examinations  are  based  on  it. 

In  using  NAVEDTRA  10052,  you  will 
notice  that  some  Rate  Training  Manuals  are 
marked  with  an  asterisk  (*).  Any  manual 
marked  in  this  way  is  MANDATORY— that  is,  it 
must  be  completed  at  the  indicated  rate  level 
before  you  are  eligible  to  take  the  Navy-wide 
examination  for  advancement.  Each  mandatory 
manual  may  be  completed  by  passing  the 
appropriate  Nonresident  Career  Course  that  is 
based  on  the  mandatory  training  manual;  passing 
locally  prepared  tests  based  on  the  information 
feiven  in  the  training  manual;  or  in  some  cases, 
successfully  completing  an  appropriate  Class  A 
School. 

Do  not  overlopk  the  front  section  of 
NAVEDTRA  10052  which  lists  the  required  and 
recommended  references  relating  to  the  military 
standards/requirements  for  advancement.  For 
example,  all  personnel  must  complete  the  Rate 
Training  Manual,  Military  Requirements  for 
Petty  Officer  3  &  2,  NAVPERS  1 0056  (Series), 
for  the  appropriate  rate  level  before  they  can  be 
eligible  to  advance. 

The  references  in  NAVEDTRA  10052  which 
are  recommended,  but  not  mandatory,  should 
also  be  studied  carefully.  All  references  listed  in- 
NAVEDTRA  10052  may  be  used  as  source 
material  for  the  written  examinations  at  the 
appropriate  rate  levels. 


Rate  Training  Manuals 

There  are  two  general  types  of  Rate  Training 
Manuals.  Rating  manuals  (such  as  this  one)  are 
prepared  for  most  ..enlisted  rates,  giving 
information  that  is  directly  related  to  the 
professional  qualifications.  Basic  manuals  give 
information  that  applies  to  more  than  one  rate 
and  rating.  Basic  Electricity,  NAVPERS  10086 
(Series),  is  an  example  of  a  basic  manual  because 
many  ratings  use  it  for  reference. 

Rate  Training  Manuals  are  revised  from  time 
to  time  to  keep  them  up  to  date  technically.  The 
revision  of  a  Rate  Training  Manual  is  identified 
by  a  letter  following  the  NAVEDTRA  number. 
Yoa  can  tell  whether  any  particular  copy  of  a 
Rate  Training  Manual  is  ^he  latest  edition  by 
checkmg  the  NAVEDTRA  number  and  the 
letter  following  this  number  in  the  most  recent 
edition  of  List  of  Training  Manuals  and 
Correspondence  Courses,  NAVEDTRA  10061 
(Series).  NAVEDTRA-  10061  is  a  catalog  that 
lists  current  training  manuals  and 
correspondence  courses;  you  will  find  this 
catalog  useful  in  planning  yoiir  study  program. 

Rate  Training  Manuals  are  designed  to  help 
you  prepare  for  advancement.  The  following 
suggestions  may  help  you  to  make  the  best  use 
of  this  manual  and  other  Navy  training 
publications  when  you  are  preparing  for 
advancement. 

1 .  Study  the  military  requirements  ar^d  the 
professional  qualifications  for  your  rate  before 
you  study  the  training  manual,  and  refer  to  the 
occupational  standards  frequently  as  you  study. 
Remember,  you  are  studying  the  training 
manual  in  order  to  meet  these  occupational 
standards. 

2.  Set  up  a  regular  study  plan.  If  possible,  ' 
schedule 'your  studying  for  a  time  of  day  when 
you  will  not  have  too  many  interruptions  or 
distractions. 

3.  Before  you  begin  to  study  any  part  of 
the  training  manual  intensively,  become  familiar 
with  the  entire  manual.  Read  the  preface  and 
the  table  of  contents.  Check  through  the  index. 
Look  at  the  appendixes.  Thumb  througli  the 
manual  without  any  particular  plan,  looking  at 
the  illustrations  ahd  reading  bits  here  and  there 
as  you  see  things  that  interest  you. 
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4.  Look  at  the  training  manual  in  more 
detail  to  see  how  it  is-organized.  Look.at.  the 
table  of  contents  again.  Then,  chapter  by 
chapter,  read  the  introduction; the  headings,  and 
the  subheadings.  This  will  give  you  a  clear 
picture  of  the  scope  and  content  of  the  manual. 
As  you  look  through  the  manual  in  this  way,  ask 
yourself  some  questions:  What  do  I  need  to 
learn  about  this?  What  do  I  already  know  about 
this?  How  is  this  information  related  to 
information  given  in  other  chapters?  How  is  this 
information  related  to  the  occupational 
standards? 

5.  When  you  have  a  general  idea  of  what  is 
in  the  training  manual  and  how  it  is  organized, 
fill  in  the  details  by  intensive  study.  In  each 
study  period,  try  to  cover  a  complete  unit-it 
may  be  a  chapter,  a  section  of  a  chapter,  or  a 
subsection.  If  you  know  the  subject  well,  or  if 
the  material  is  easy,  you  can  cover  quite  a  lot  at 

^  one  time.  Difficult  or  unfamiliar  material  will 
require  more  study  time. 

 6.  In'  studying   any    one  unit-chapter, 

section,  or  subsection— write  down  the  questions 
that  occur  to  you.  Many  people  find  it  helpful 
to  make  a  written  outline  of  the  unit  as  they 
study,  or  at  least  to  write  down  the  most 
important  ideas. 

7.  As  you  study,  relate  the  information  in 
the  training  manual  to  the  knowledge  you 
already  have.  When  you  read  about  a  process,  a 
skill,  or  a  situation,  try  to  see  how  .this 
information  ties  in  with  your  own  past 
experience. 

8.  When  you  have  finished  studying  a  unit, 
take  time  out  to  sec  what  you  have  learned. 
Look  back  over  your  notes  and  questions. 
Maybe  some  of  your  questions  have  been 
answered;  but  perhaps  you  still  have  some  that 
are  not  answered.  Without  referring  to  the 
training  manual,  write  down  the  main  ideas  that 
you  have  learned  from  studying  this  unit.  Do 
not  quote  the  manual.  If  you  cannot  give  these 
ideas  in  your  own  words,  the  chances  are  that 
you  have  not  really  mastered  the  information. 

9.  Use  Nonresident  Career  Courses  (NRCC) 
whenever  you  can.  These  courses  are  based  on 
Rate  Training  Manuals  or  on  other  appropriate 
texts.  As  mentioned  l^efore,  completion  of  a 
mandatory    Rate    Training    Manual    can  be 

*  accomplished  by  passing  a  Nonresident  Career 


Course  based  on  the  Rate  Training  Manual:  You 
-Will  .probably— find  it  helpful  to  take  other 
courses  in  addition  to  those  based  on  mandatory 
training  manuals.  Taking  a  Nonresident  Career 
Course  helps  you  to  master  the  mformation 
given  in  the  training  manual,  helps  you  to  see 
how  much  you  have  learned,  and  can  serve  for 
refresher  study. 

10.  Tliink  of  your  future  as  you  study  Rate 
Training  Manuals.  You  are  working  for 
advancement  to  third  class  or  second  class  right 
now,  but  someday  you  will  be  working  toward 
higher  rates.  Anything  extra  that  you  can  learn 
now  will  help  you.  ' 


Nonresident  Career 
Course 

The  Nonresident  Career  Course  (NRCC), 
formerly  called  Enlisted  Correspondence  Course, 
for  this  Rate  Training  Manual  (RTM)  has  Ueen 
included  at  the  back  of  the  manual.  Its  purpose 
is  to  assist  yoii  in  the  training  necessary  to  fulfill 
your  job  and  advancement  requirements;  it  will 
be  of  benefit  to  -you  when  preparing  for  the 
Navy-wide  Advancement  Examinations;  and  it 
reflects  the  more  important  information  in  the- 
manual. 

Included  in  the  course  are  learning  objectives 
which  state  knowledges  you  will  acquire  by 
choosing  the  correct  answer  to  each  question  or 
by  restudying  until  you  can  choose  the  correct 
answer.  The  questions  are  teaching  tools  that 
point  out  important  things  in  the  Rate  Training 
Manual.  The  Nonresident  Career  Course  is  an 
important  part  of  the  training  package  presented 
within  these  covers. 

The  answer  sheets  to  the  NRCC,  referred  to 
as  IKOR  (immediate  knowledge  of  results) 
sheets,  are  a  separate  package  and  are  not 
included  with  this  Rate  Training  Manual.  A 
separate  errata  sheet  may  be  included  with  this 
training  package.  If  present,  it  will  inform  you 
of  any  changes  in  the  text  of  the  RTM  or  the^ 
NRCC.  For  complete  instructions  on  this  NRCC, 
read  the  preliminary  pages  thoroughly  before 
you  proceed  with  the  course.. 
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QUALIFYING  FOR  , 
ADVANCEMENT ' 

In  general,  to  qualify  (be  considered)  for 
aidvancement,  you  must: 

1 .  Have  a  certain  amdunt  of  time  In  your 
present  pay  grade. 

2.  Demonstrate  knowledge  of  material  in 
your  tnandatory  Rate  Training  Manual  by 
making  a  suitable  score  on  your  command's  test 
on  the  manual,  by  successfully  completing  th;: 
NRCC  on  the  manual;  or,  in  some  cases,  by 
graduating  from  ah  appropriate  Navy  school. 

3.  Demonstrate  your  ability  to  perform  ah 
the  practical  requirements^  for  advancement  by 
completing  the  Record  of  Practical  Factors, 
NAVEDTR  A  1414/1. 

4.  Be  recommended  by  your  commanding 
officer,  after  the  petty  officers  and  officers 
supervising  your  work  have  indicated  that  they 
consider  you  capable  of  performing  the  duties  of 
the  nexl  higher  rate  by  recommending  you  for 
advancement  to  the  commanding  officer. 

5.  For  petty  officer  third  and  second 
candidates  only,  demonstrate  knowledge  of 
military  subjects  by  passing  the 
MILITARY/LEADERSHIP  examination  based 

^on   the  military  occupational  standards  foi; 
advancement  (from  NAVPERS  18068  (Series)). 

In  addition  to  these  requirements,  to  qualify 
for  advancement  you  must  demonstrate  an 
understanding  of  the  technical  aspects  of  your 
rate  by  passing  a  Navy-wide  advancement 
examination  based  on  the  occupational 
standards  applicable  to  your  rate  (from 
NAVPERS  18068  (Series),  those  occupational 
standards  listed  at  or  below  your  rate  level). 

If  you  meet  all  of  the  above  requirements 
satisfactorily,  you  are  in  a  group  from  which 
advancements  will  bo  made. 

WHO  WILL  BE 
ADVANCED? 

.Advancement  is  not  automatic.  Meeting  all 
of  the  requirements  makes  you  eligible  but  docs 
not  guarantee  your  advancement.  Some  of  the 
factors  that  determine  which  persons^  out  of  all 
of  those  qualified,  will  actually  be  advanced  in 


rate  are  the  score  made  on  the  advancement 
examination,  the  length  of  time  in  service,  the  ^ 
performance  marks  earned,  and  the  number  of 
vacancies  being  filled  in  a  given  rate. 

If^the- number  of  vacancies  in  a  given  rate 
exceed  the  number  of  qualified  personnel,  then 
all  of  those  qualified  will  be  advanced.  More 
often,  the  number  of  qualified  people  exceeds 
the  vacancies.  When  this  happens,  the  Navy  has 
devised  a  procedure  for  rivancing  those  who  are 
best  qualified.  This  procedure  is  based  on 
combining  the  three  following  personnel 
evaluation  systenis: 

1.  ^  Merit  rating  system  (Annual  evaluation 
and  CO.  recommendation) 

2.  Personnel'  testing  system  (Advancement 
examination  score— with  some  credit  for, passing 
previous  advancerhent  e}.d.iis) 

3.  Longevity  (seniority),  system  (Time  in 
rate  and  time, in  service)   

Simply,  credit  is  given  for  how  much  the 
individual  has  achieved  in  the  areas  of 
performance,  advancement  test,  and  seniority.  A 
composite,  known  as  the  final  multiple  score,  is 
generated  from  these  tlaree  factors.  All  of  the  ' 
candidates  who  have  PASSEQ  the  examination 
from  a  given  advancement  population  -^re  then 
placed  on  one  list.  Based  on  the  final  multiple 
score,  the  person  with  the  highest  multiple  score, 
is  ranked  first,  and  so  on,  down  to  the  person 
with  the  lowest  multiple  score.  For  candidates 
for  E-4,  E-5,  and  E-6,  advancement 
authorizations  are  then  issued,  beginning  at.  the 
top  of  the  list,  for  the  number  of  pSrsons  needed 
to  fill  the  existing  vacancies. 

Candidates  for  E-7  whose  final  multiple 
scores. are  high  enough  will,  be  designated  PASS 
SELBD  ELIG  (Pass  Selection  Board  Eligible). 
This  means  that  their  names  will  be  placed 
before  the  Chief  Petty  Officer  Selection  Board,  a 
BUPERS  board  charged  with  considering  all 
so-designated  eligible  candidates  for 
ad  v^n  cement  to  CPO.  Advancement 
authorizations  for  those  being  advanced  to  CPO 
are  issued  by  this  board. 

Who,  then,  are  the  individuals  who  are 
advanced?  Basically,  they  are-  the  ones  who 
achieved  the  most  in  preparing  for  advancement. 
They  were  not  content  to  just  qualify;  they 
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went  the  extra  mile  in  their  training,  and 
through  that  training  arid  their  work  experience 
they  developed  greater  skills,  learned  more,  and 
accepted  more  responsibility. 

While  it  cannot  guatantee  that  any  one 
person^  will  be  advanced,  the  advancement 
system  does  gt^rantee  that  all  persons  within  a 
pdrticulT  rate  will  compete  equally  for  the 
vacancies  that  exist  and  that  the  best  qualified 
persons  yill  be  advanced. 

EXAMINATION 
PROCEDURES 

Examinations  are  given  to  candidates  for 
advancement  to  E-4  through  E-6  in  February  and 
August  each  year.  E-7  through  E-9  exams  are 
given  only  once  a  year.  The  time  and  place  of 
the  examinations  will  be  published  in  the  Plan  of 
the  Day  and  in  your  station  or  unit  paper.  You 
—miist~appear-at-the-4^gnated  time  and  plaee-ih 


the  uniform  of  the  day  and  with  your  ID  card.  If 
you  are  to  take  the  exam  for  ASM3  no  other 
person  taking  that  exam  will  sit  near  you.  This 
helps  ensufe  that  all  taking  the  exam  have  an 
equal  chance.  The  examiner  or  a  proctor  will 
read  to  you  the  instructions  to  be  followed.  Be 
sure  you  listen  to  and  follow  these  instructions 
carefully. 

You  will  have  three  hours.  Each  question  on 
the  exam  will  have  four  possible  answers  from 
wliich  to  choose  the  correct  one.  Read  each 
question  carefully  and  all  of  the  possible 
answers.  If  you  know  the  correct  answer,  mark 
your  answer  sheet.  If  you  do  not  know  the 
answer,  go  to  the  next  questionT  This-will  ensure 
that  you  have  time  to  answer  all  the  questions  to 
which  you  know  the  answers  in  the  time 
allotted.  Each  time  you  mark  the  answer  sheet 
make  yovjr  mark  in  the  same  number  as  the 
question. 

After  you  have  gone  tlirough  the  exam  and 
answered  all  the  questions  to  y'hich  you  know 
the  answers,  go  through  the  exam  again  and 
answer  the  questions  that  you  can  limit  to  two 
probably  correct  answers.  Then  you  can  spend 
the  remaining  time'  considering  the  questions 
about  which  you  have  the  least  knowledge  and 
checking  the  questions  and  answers  you  have 
already  completed.  When  the  allotted  time  has 


passed,  the  proctor  will  collect  the  examination 
booklets  and  the  answer  sheets. 

SUBJECT-MATTER  SECTION 
IDENTIFICATION  SK£ET 

Thje  Sub;ei  .'Matter,  .Section  Identification 
Sheet  (fig.  1-.^)  ^  tear-ojjt  sheet  included  in 
your  Navy-w.V'C  advancc.r.':eiit  •  examination 
booklet.  It  li  be  detached  from  the 
examination  booklet  upon  completion  of  the 
examination  and  given  to  the  exam  proctor.  This 
!  sheet  indicates  the  subject-matter  sections  of  the  ^ 
examir^ation  which  represent  the  occupational 
requirements  for  the  rate.  The  occupational 
standards  used  to  support  the  examination 
questions  are  also  iiviicated  for  each 
subject-matter  section.  This  sheet  will  be 
retained  by  the  Educalioaal  Services  Officer 
(ESO)  for  purposes  of  command  review  upon 
—receipt  of- the  Profile  Analysis  Fonji.  Both  of 


these  foftns  will  be  made  available  to  you  for 
your  review  at  a  date  subsequent  to  the  date  of 
examination. 

PROFILE  Analysis 

FORM 

The  Profile- Analysis  Form  (fig.  1-4)  is 
provided  to  all  candidates  two  or  tliree  months 
after  competing  in  the  Navy-wide  advancement 
examination.  Normally,  this  form  will  be  made 
available  to  you  by  your  ESO  with  the 
Subject-Matter  Section  Identification  Sheet, 
previously  discussed.  The  Profile  Analysis  Form 
^  is  to  be  used  in  conjunction  with  the 
Subject-Mat ter  Section  Identification'  Sheet  to 
•indicate  your  strengths  and  weaknesses  for  the 
particular  exai'nination  in  which  you  competed. 

The  Profile  Analysis  Form  (refer  to  fig.  1-4) 
indicates  the  candidate's  relative  standing  in 
Section  1  of  the  examination  as  being  ''A.. 
(Average-middle).  Section  1 ,  as  indicated  on  the 
Subject-Matter  Section  Identification  Sheet, 
dealt  with  questions  relating  to  the  '*Naval 
Aviation  >  Maintenance  Program".  You'  can, 
therefore,  conclude  that  youT  standing  was 
average,  in  comparison  with  the  rest  of  the 
candidates,  for  Section  1  of  the  examination, 
the  "Naval  Aviation  Maintenance  Program".  The 
occupational   standards  used  to  support  the 
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DEPARTMENT  OF  THE  NAVY 

NAVAL  EDUCATION  AND  TRAINING  PROGRAM 
DEVELOPMENT  CENTER 

PCNSACOLA.  FLORIDA  32S09  . 

FROM:  COMMANOIHCOPFjCER  SERIAL/DATE 

TO:   (YQUR  NAME  WILL  APPEAR  HERE) 


ACTIVITY  CODE 
12345  AS 


SUBJ:  EXAMINATION  PROFILE  INFORMATION 


(YOUR  EXAM  SERIAL  NUMBER  AND 
THP:  bATE  WILL  APPEAR  HERE) 
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Figure  l-4.-Profile  Analysis  Form. 
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questions  on  the  ''Naval  Aviation  Maintenance 
Program"  were  B1.02,  J1.02,  J2.03,  Z2.391b. 
The  same  procedure  should  be  fc  Ilo'  /ed  for  the 
remaining  sections  of  the  rx-iiiin- .  on. 

By  the  use  of  thes    ' iotu,}.  you  will  be 
(iable  tu  determine  tho?**  U'.'d-  v,i  .ro  additional 
study  could  assist  you  in  futit  >  :/y.aniinations. 


SOURCES  OF  INFORMATION  , 

One  of  the  most  useful  things  you  can  learn 
about  a  subject  is  how  to  find  out  more  about  it. 
No  single  publication  can  give  you  all  the 
information  you  need  to  perform  the  duties  of 
your  rating.  You  should  learn  where  to  look  for 
accurate,  authoritative,  up-to-date  information 
on  all  subjects  related  to  the  military 
requirements  for  advancement  and  the 
professiortal  standards  of  your  rating. 

Some  of  the  publications  described  in  this 
manual  are  subject  to  change  or  revision  from 
time  to  time-"Some  at  regular  intervals,  others  as 
the  need  arises.  When  using  any  publication  that 
is  subject  to  clrange  or  revision, '  e  sure  that  you 
have    tiv    latest    edition.    Wl.  n   using  any 


publication  that  is,  kept  current  by  means  of 
changes,  be  sure  you  have  a'  copy  in  which  all 
official  changes  have  been  made.  Studying 
canceled  or  obsolete  information  will  not  help 
you.  perform  efficiently  or.  to  advance;  it  is 
likely  to  be  a  waste  of  time,  and  may  even  be 
seriously  misleading. 

TRAINING  FILMS 

Training  films  available  to  naval  Jiersonnel 
are  a  valuable  source  of  supplementary 
information  on  many  technical  subjects. 
Training  films  are  listed  in  the  United  States 
Navy  Film  Catalog,  NAVAIR  10-U777 
(formerly  NAVWEPS  10-1-777),  published  in 
1969.  Copies  of  this  catalog  may  be  br^ered  in 
accordance  with  the  Navy  Stock  List  of  Forms 
and  Publications,  NAVSUP  2002.  Monthly 
supplements  to  the  Film  Catalog  are  distributed 
to  catalog  holders.  Check  with  your  Training 
Petty  Officer  for  the  location,  of  the  nearest. 
Film  Catalog. 

When  selecting  a  film,  note  its  date  of  issue 
listed  in  the  Film  Catalog.  As  you  know, 
procedures   sometimes  change  rapidly;  tlius^ 
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some  films  become  obsolete  rapidly.  If  a  film  is 
obsolete  only  in  part,  itjnay  still  be  of  some  use. 

\ 

.  El>UCATIONAt.SERVICES 
OFHCER 

One  of , the  officers  at  your  ship  or  station 
has  been  designated  as  the  Educational  Services 
Officer  (ESO).  The  office  of  the  ESO  will  be 
your^  point  of  contact  for  many  of  your 
educational  and  training  needs.  When  you  need  a 
Rate  Training  Manual,  a  Basic  Manual,  or  wish 
to  order  a  Nonresident  Career  Coftrse,  this  office 
will  accommodate  you. 

The  ESO  office  is  provided  each  year  with 
-tlie-QUAt/BIB^em  tor  each  rating.  These 
sheets  indicate  the  latest  occupational  standards 
and  bibliography  for  your  rating  and  are  for 
your  personal  use  in  preparing  for  advanccmenj.^ 

NOTE:  You  should  check  with  your  ESO  to 
make  certkin  that  there  have  been  no  changes  to 
the  occupational  standards  .is  indicated  by  the 
latest  change  to.  NAVPERS  18068,  or  to  the: 


bibliography  a^  indicated  in  the  latest  revision  to 
NAVEDTRA  10052. 

The  ESO  office  also  provides  numerous 
other  services  of  which  you  should  avail 
yourself.  It  is  to  the  advantage  of  each  person  in 
the  Navy  to  utilize  to  the  fullest  extent  the 
services  provided  by  the  ESO. 

TRAINING  PETTY  OFFICER 

A  petty  officer  in  your  unit  (squadron, 
station,  division,  department,  or  ship)  has  been 
designated  the  Training  Petty  Officer.  He  usually 
organizes  and  supervises\  the  training  for 
advancement  in  rating  for  the  unit,  while  the 
petty  officer  under  whom  you  work  organizes 
and  supervises  the-en-tiie-job^rairrtng.  A  part  ol 
the  Training  Petty  Officer's  duties  is  to  arrange 
for  iiiStructors  and  meeting  places  and  set  the 
time  for  lectures.  He  may  have  manuals  you 
jieed.to^tudy  for  the  advancerncnt  e^lamiha^ 
if  he  does  not  have  the  material  available,  he  will 
knQw  where  you  can  get  it.  He  should  be  a  big 
help  to  you '.in  your  program  to  become 
qualified  .for  the  next  higher  rate  and  well 
prepared  for  the  advancement  examination. 


20 

15 


CHAPTER  2 


TOOLS  AND  LIFTING  DEVICES 


The  ASM3  and  ASM2  must  have  a  thorough 
knowledge  of  tools  of  his  trade  to  enable  him  to 
increase  his  performance  and  the  quality  of  his 
products.  Using  this  knowledge  and  applying  it^ 
in  the  right  direction-^fi-^d"in"1lKreSSing"his  ' 
efficiency  and  support  equipment's  operational 
availability.  One  of  the  most  important  abilities 
that  a  mechanic  can  have  is  the  ability  to  use  the 
tools  which  are  required  to  complete  any  given 
task  in  a  skilled  and  technical  manner. 

A  mechanic  is  known  by  the  tools  he  keeps. 
The  use  of  tools  may  vary;  but  safety,  good  care, 
and  the  proper  stowage  of  tools  never  vary.  In 
this  section,  the  various  tools  that  the  ASM  uses 
in  the  course* of  his  duties  ate  briefly  described. 
Tools  and  Their  Uses,  NavPers  10085  (Series), 
also  contains  a  description  of  most  of  the  tools  ■ 
used  by  the  ASM,  together  with  detailed 
instructions  for  using  them.  The* material  given  , 
in  this  section  is  intended  to  supplement,  rather 
than  repeat,  the  information  given  in  Tools  and 
Tfieir  Uses. 


PROCUREMENT  OF  TOOLS 

Generally,  each  activity  will  have^entrally 
located  toolroom  which  procures  tools  for  the 
activity  as  a  whole.  This  allows  for  better  usage 
and    accountability    of   the   equipment.  An 
activity's  allotted  amount  of  handtools  is  in 
accordance    with    an    allowance    which  is 
estbWished    by  -the   NAVAIR   00-35  QG16. 
Allowbi\ce  Lists.  This  series  of  allowance  lists 
includes^U  of  the  accountable  and  consumable 
general  su^ort  equipment  which  is.  required  for 
the  maintenance,  and  operation  of  all  types  of 
aircraft  at  the  Intbrmedjate  and^  Organizational 
levels  oif  n\iintenanceX 


CUSTODY 

When  it.  becomes  necessary  or  desirable  .or 
an  ASM  to  h^i^a  tnnn^nY^<;Ripned  to  him  on  a 


cusfocfiT  Basis,  the  division  chief  will  notify  tne 
toolroom  personnel  to  issue  an  ASM  toolbox  to 
the  designated  person.  Normally,  the  tentral 
toolroom  will  ,  have  a  locally  prepared  toolbox 
inventor'  form.  This  form  will  be  applicable  to 
the  particular  equipment  and  maintenance  level 
to*  be  supported.  They  will  is^e  the  toolbox  in 
accordance  with  this -inventory  form,  making 
two  copies-one  (master  copy)  to  be  held  by  the 
central  toolropm\  and  one  to  be  placed  in  the 
toolbox.  The  .ASM  should  usp  this  copy  to 
inventory  his  toolbox  af^-^r  completion  of  his 
assigned  work  to  insure  that  all  of  his  tools  have 
been  placed  hack  in  his  toolbox. 

NOTE:  Reinvcntory  of  tools  taken  to  the 
job  is  a  MUST  ifp  eliminate  the  possibility  qf 
damage  to  the  equipment  due  to  foreign  objects 
left  adrift  within  or  around*  the  equipment, 

r^VENTORY 

The  ASM  who  has  custody  of  a  toolbox 
must  prevent  the  loss  of  tools  through  neglect  or 
misuse.  Although  handtools  are  normally  classed 
as  consumable  items,  they  are  very  expensive 
and  must  be  paid  for  when  lost  or  carelessly 
damaged.  One  method  of  preventing  loss  Of 
tools  is  a  thorough  inventory  after  each>^b 
assignment.  Usually,  the  activity  will  have  a  lod|l 
instruction  concerning  the  inventory  inten*l 
and  method  of  reporting  of  lost  or  dama^d 
tools. 

NOTE:     Broken  or  damaged   tools  can 
damage  equipment  hardware  and  parts.  They 
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can  also  cause  personal  injury  to  the  worker  or 
others. 

At  the  periodic  inventory,  which  is  normally 
performed  by  central  toplroom  personnel,  all 
broken  or  missing  tools  should  be  replaced. 
Nonproductive  time  between  job  assignments 
provides  ample  time  for  further  inspection  and 
upkeep  of  toolboxes.  r 

In  addition  to  the  tools  kiormally  issued  with 
the  toolbox,  there  are  many  special  tools  an 
ASM3  and  ASM2  will  come  in  contact  with  and 
use.  Later  in  this  chapter  we  will  discuss  just  a 
few  of  these  tools.  Special  tools  are  normally 
kept  in  the  central  toolroom  or  in  the  repair 
shop  and  signed  out  on  an  as-needed  basis.  These 
checked  out  tools  are  returned  to  the  toolroom 
as  soon  as  the  ASM  has  completed  hi;&^  work 
assignment.  (Tools  should  be  returned  on  the 
same  day  as  checkeH  out.) 

Each  activity  has  an  allowance  of  special 
tools^  which  they  may  have  on  custody.  Often 
the  allowance  for  an  item  is  only  one,'  which 
means  positive  control  must  be  exercised. 

^  * 

HANDTOOLS 

Most  of  the  handtools  normally  issued  to  the 
ASM  are  covered  in  this  section.  They  are 
classified  as  cutting  tools,  turning  tools,  strikirtg 
tools/,  holding  tools,  and  miscellaneous 
handtools. 

TOOLBOX 

The  toolbox  shown  in  figure  2-1  is  the  type 
normally  used  by  the  ASM  to  stow  his  tools. 
The  current  set  of^ tools  is  likely  to  include  only 
those  needed  often  in  doing  his  assigned  work. 
The  tools  should' be  organized  in  the  box  by 
type  ,  and  size,  and  those  needed  often  placed 
where  they  can  be  reached  most  easily.  Tools 
should  be  kept  straight,  and  extras  such  as  parts, 
pieces  of  *'junk/'  etc.,  kept  out  of  the  box. 

A  padlock  is  issued  with  each  toolbox.  The 
toolbox  should  be  kept  locked  and  stored  in  the 
designated  area. 


CUTTING  TOOLS 

Diagonal  Pliers  ') 

Diagonal  cutting  pliers  are  an  important 
tool  for  the"  ASM.  They  are  used  for  cutting 
small  wire  and  cotter  pin?,  etc.  Since  they  are 
small  they  should  not  be  used  to  cut  large  wire 
or  heavy  material  because  the  pliers  will  be 
damaged  by  such  use  and  then  not  be  effective 
to  cut  what  they  were  designed  to  cut.  They  can 
also  be-used  to  remove  small  cotter  pins  where  a 
new  pin  is  to  be  used  when  the  work  is  finished. 
This  is  done  by  gripping  the  pin  near  the^  hinge 
of  the  pliers  and  lifting  up  on  the  handles, 
releasing  the  pin,  getting  a  new  grip,  and 
repeating  until  the  pin  is  removed; 

The  inner  jaw. surface  is  a  diagonal  straight, 
cutting  edge  offset  approximately  15  degrees 
which  permits  cutting  objects  fiush  with  the 
.  surface.  The  diagonal  cutting  pliers  are  not 
designed  to  hold  objects  "since  to  use  enough 
force  to  hold  an  object  the  pliers  will  cut  or 
deform  the  object.  The  sizes  of  the  diagonal 
pliers  arc  indicated  by  the  overall  length  of  the 
pliers.  ,  , 

Files 

The  ASM's  toolbox  should  include  an 
assortment  of  files.  They  are  used  for  cutting, 
smoothing,  or  removing  small  amounts  of  metal, 
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Figure  2-1  .—Standard  Navy  toolbox. 
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and ^ are  made  of  hardened  high-carbon-content 
stee!.  Adequate  coverage  on  the  '•^election,  care, 
and  use  of  files  is  contained  in  Tools  and  Their 
Uses,  NAVPERS  10085  (Series)  and  is  therefore 
not  repeated  here.^ 

Hacksaws' 

A  hacksaw  is  used  primarily  ^r  sawing 
metal.  There  are  two  different  kin  f  hacksaw 
frames;. one  has  a  pistol-grip  handle;  the  other 
has  a  straight  handle.  Most  hacksaws .  are  / 
adjustable  to  take  blades  of  various  lengths. 
Tools  and  Their  Uses,  NAVPERS  10085  (Series) 
describes  and  illustrates,  the  principles  involvecf 
ia  selecting  the  niost  .suital^le  blade  for  different 
types  of  work  and'gives  coverage  on  the  use  and 
care  of  hacksaws. 

TURNING  TOOLS 

Socket  Wrench 

The  socket  wrji^ch  is  one  of  the  most 
versatile  wrenches  in  the  toolbox.  Basically,  it 
consists  of  a  handle  and  a  socket-type  wrench 
which  can  be  attached  to  that  handle.  A 
complete  socket  wrench  set  consists  of  several 
types  of  handles  along  with  bar  extensions, 
universals,  adapters,  and  a  variety  of  sockets. 
(See  fig.  2-2.) 

SOCKETS. -A  socket  has  an  opening  cut  in 
one  end  to  fit  a  drive  on  a  detachable  handle. 
The  handle  dri'  ^s  usually  square.  In  the  other 
end  of  the  sc/et  is  a  6-point  or.  12-point 
opening  very  much  like  the  opening  in  the  box 
end  wrench.  The  12-point  socket  needs  to  be 
swung  only  half  as  far  as  the  6:point  socket 
before  it  may  be  lifted  and  fitted  on  the  nut  for 
a  new  grip.  It  can  therefore  be  usedMn  closer 
quarters  where  there  is  "less  room  to  move  the 
handle.  Most  sockets  have  12  points.. However, 
the  6-point  socket  has  its  use  with  nuts  made  of 
stainless  steel,  which  are  made  of  harder  metal 
than  that  of  the  wrench.  Extensive  use  of  a 
12-point  socket  on  such  nuts  or  bolts  would 
cause  excessive  wear  on  the  1 2-points  so  that  the 
socket  might  fail  to  hold.  By  contrast,  because 
of  the'  greater  holding  surface,  a  6-point  socket 


holds  the  stainless  steel  nut  better,  offering  less 
chance  for  wear  of  the  wrench.^ 

Sockets  are  classified  for  size  accordmg  to 
two  factors.  One  is  the  drive  size  or  square 
opening  which. Jits^ on  the  square  drive  of  the 
handle.  The  otheTTs'^the  size  of  the  opening  in 
the  opposite  end,  which  fits  the  nut  or  bolt.  The 
standard  mechanic  toolbox  is  usually  oiUfitted 
Vith  sockets  that  have  1/4-  and  3/8-ir;ch-square 
drivers.  The  openings  that  fit  onto  the  bolt  or 
nut  e  graduated  in  1/16-inch  sizes.  Sockets  are 
also  made  in  deep  lengths  to  fit  over  spark,  plugs 
and  long  bolt  ends. " 

Thei'j  are  four  types  of  handles  used  with 
these,  sockets.  (See  fig.  2-2.)  Each  type,  has 
special  advantages,  and  the  good  mechanic 
chooses  the  one  best  suited  to  the  jBb  at  lianB. 
The  square  driving  lug  on  the  .socket  wrench 
handles  has  a  spring-loaded  ball-that  fits  into  a 
recess  in  the  socket  receptacle  and  holds  the 
assembly  together.  This  nated  ball-recess  feature 
prevents  the  parte  of  the  wrench  from  falling 
a^art  during  normal  usage,  but  a  slight  pull 
disassembles  any  wrench  connection. 

RATCHET  HANDLE.-The  ratchet Jiandle 
has  a  reversing  lever  which  operates  a  pawl  (or 
dog),  inside  the  head  of  the  tool.  Pulling  the 
handle  in  one  direction  causes  the  pawl  to 
engage  in  the  ratchet  teeth  and  to  turn  the 
socket.  Moving  in  the  opposite  direction  causes 
the  pawl  to  slide  over  the  teeth,  permitting  the 
handle  to  back  up  wittiout  moving  the  socket. 
This  allows  rapid  turning  of  the  nut  or  bolt  after 
each  partial  turn  of  the  handle.  With  the 
reversing  lever  in  one  position,  the. handle  can  be 
used  for  tiglitening.  In  the  other  position,  it  can 
be  used  for  loosening.  ^  ^-.^ 

HINGED  HANDLE.-The  hinged  handle  is 
also  very  convenient.  To  loosen  a  tiglit  nut, 
swing  the  handle  at  right  angles  to  the  socket. 
Tliis  gives  the  greatest  possible  leverage.  After 
loosening  the  nut  to  the  point  where  it  turns 
easily,  move  the  h/jndle  into  the  vertical  position 
and  the;i  turn  the  handle  with  the  fingers. 

SLIDING  T-BAR  HANDLE.-While  using 
the  sliding  bar  on  T-handle,  the  head  can.  be,. 
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Figure  2-2.— Typical  socket  wrench  set. 
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positioned  at  either  the  end  or  the  center  of  the 
sliding  bar.  Select  the  position  which  is  needed 
for  the  job  at  hand.  * 

SPEED  HANDLE. -The  spet»d  handle  is 
worked  Uke  the  woodworker's  brace.  AftOr  the 
nuts  are,  first  loosened  , with  the  sHding  bar 
handle  or  the  ratchet  handle,  the  speed  handle 
will  help  remove,  the  nuts  in  a  hurry.  In  many 
instances  the  speed  handle  is  not  strong  enough 
to  be  used  for  breaking  loose  or  tightening.  The 
speed  socket  wrench  should  be  used  carefully,  to 
avoid  damaging  the  nut  threads.  ' 

ACCESSORIES.-To  complete  the  socket 
wrench  set,  there  are  several  accessory  items; 
Extension  bars  of  different  lengths  are  made  to 
extend  the  handles  to  any  length  needed.  A 
universal  joint  allows  the  nut  be  tunied  with  the 
wrench  handle  at  an  angle.  A  universal'socket  is 
also  available,  and  universal  socket  joints,  bar 
extension^,  and  universal  sockets  in  combination 


with  appropriate  handles  makes  it  possible  to 
form  a  variety  of  tools  that  will  reach  otherwise 
inaccessible  nuts  and  bolts. 

Another  accessory  item  which  comes  in 
"haiidy  is  an  adapter  which  allows  the  ASM  to 
use'a  handle  having  one  size  drive  with  a  socket 
having  a  different  size  drive.  For  example,  a  1/8- 
by  1/4-inch  adapter  would  make  it  possible  to 
turn  all  l/4-inCh  square  drive  sockets  with  any 
3/8-inch  square  drive  handle. 

«  There  are  special  sockets  which  are  used  to 
adapt  various  types  of  screwdriver  bits  to  a 
speed  handle  ( fig.  2-3)." ,  This  socket  tyi^e 
screwdriver  is  used  to  remove  recessed  head 
screws  from  access  panels  on  equipment. 

'Combination  Wrenches 

The    ASM's    toolbox    slioiild    contain  a 
conipk'tL'  set  of  combination  wrenciies;  Tiie 
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REED  a  PRINCE 
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>  Figure  2-3.— Screwdriver  adapter. 

combination  wrench  (fig.  2-4)  has  an  open-end 
wrench  on  one  erfd  and  a  box-end  (of  the  *.'me 
size)  on  the  other  end'  For  speed  and  Hght  stress 
operations,  use  the  open-end;  then  switch  to  the 
bpx-end  for  safety ''under  stress.  For  ease  of 
explanation,  each  end  of  the  wrench  will  be 

discussed  separately. 

> 

The  box-end  fits  completely  around  the  nut 
or  bolthead.  The  box-end  is  usually  constructed, 
with  12  points.  The  advantage  of  the  12-point 
construction  is  that  the  wrench  will  operate 
between  obstructions  where  spacb  for  the  swing 
aiigle  is  limited."  A  very  short  swing  of  the  handle 
will  turn  the  nut  far  enough  to  allow  the  wrench 
to  be  lifted  and  the  next  set  of  points  to  be 
fitted  to  the  corners  of  the  nut.  It  is  possible  to 
use  this  wrench  in  places  where  the  swing  angle 
is  limited  to  as  little  as  30  degrees. 

The  box-end  portion^  of '  the  wrench  is 
designed  with  an  offset  in  the  handlci.  Noiice  in 
figure  2-4  how  the  15  degrees  oft  set  will  allow 
clearance  over  nearby  parts.  One  of  the  best 
features  of  the  boxnjnd  is  that  there  is.  little«or 
no  chance  of  a  wrench  slipping  off  the^nqt  or 
bolt.  However,  there  is  the  disadvantage  of  slow 
work  with  the  box-end  of  the  combination 
wrench .'^  Each  time  the  wrench  is  backed  off,  the 
wrench'^has  to  be  lifted  up  and  refitted -to  the 


head  of.  thie^work.  Therefore,  to  save  time,  use 
the  nonslip  box^d  ^f-the  wrench  to  break 
loose  tight  bolts  or  to  snug  up  work  after  the 
bolFhr?.s  been  seated  with  a  faster  type  wrench 
which  might  shp  under  stress. 

:  The  jaws  of  the  open-end*  portion  ol  the 
combination  wrench  are  machined  at  15  degrees 
from  parallel  in  respect  to  the  centerline  of  the 
handle.  This  permits  the  use  of  the  wrench  in 
places  where  there  is  room  to  make  pnly-a  part 
of  a  complete  turn  of  a  nut  or  bolt.  If  the 
wrench  is  turned  over  after  the  first  swing,  it  will 
fit  on  the  same  fiats  and  turn  the  nut  farther. 
After*  two  s>yings  on  the  wrench,  the  nut  is 
turned  far  enough  so  that  a  new  set  of  fiats  are 
in  position  for  the  wrench. 

The  op'-n  end  of  the  combination  wrench 
may  be  used  on  tubing  nuts  and  in  cramped 
pMces  too  small  for  a  socket  or  box  end  to  be 
slipped  over  the  nut  or  bolthead.  When  using 
any  open-end  type  wrench,  always  insure  that 
the  wrench  fits  the  nut  or  bolthead,  and  pull  on 
the  wrench— never  push.  Pushing  a  wrench  is 
dangerous.  The  threads  could  brealc  loose 
unexpectedly  and  caiise  damage  to  adjacent 
equipment  or  injury  to  the  person  usinj  the 
wrench. 

Adjustable  Wrenches  ^ 

Adjustable  wrenches  are  not  intended  to 
replace  open-end  wrenches,  but  they  are  useful 
in  workin^ln  restricted  areas.  In  addition,  they 
can  be  adjusted  to  fit  odd  size  nuts.  However, 
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Figure  2-4.— Combination  wrench. 
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.  Figure  2-5.— Adjustable  wrenches. 


adjustable  wrenches  are  not  intepded  for 
standard  use  but  rather  for  emergency  use.  They 
were  not  built  for  use  on  extremely  hard-to7tum 
items.  As  shown  in  figure  2-5,  adjustable 
wrenches  have  a  fixed  jaw  (A)' and  an  adjustable 
jaw  (B)  which  is  adjusted  by  a  thumbscrew  (C). 
By  turning  the  thumbscrew,  the  jaw  opening 
may  be  adjusted  to  fit  various  sizes  of  nuts.  The 
size  of  the  wrenches  ranges :from  4  to  1 8  inches 
'in  lengths  The  ma;^imum  jaw  openings;  vary  in 
direct  proportion  to  the  length  of  the  handle.  . 

Adjustable    wrenches    are    often  called 
**knuckle  l^usters"  because  mechanics  frequently 
suffer  tlie  consequences  of  improper  usage  of 
'these  topis.         _  ^ 

There  are  four  simple  steps  to  follow  in 
using  these  wrenches.  FiKt,  choose  one.  of  .the 
correct  size,  that  is,  do  not  pick  a  large  12-inch 
wrench  and  adjust  the  jaw  for  use  on  a3/8-uich 


nut.  This  could 'result  in.  a  broken  bolt  and  a 
bloody  hand.  Second,  be  sure, the  jaws  5T  the 
correct  size  wrench  are  adjusteci  to  fit  snugly  on 
the  nut.  Third,  position  the  wrench' around  ^he' 
nut  until  the  nut  is  all  thfi  way  into  the  throat  ot\ 
thit-jaws.  If  not  use^  in  this  manner,  the  result  \ 
is  apt  to  be  as  bloody  as  before.  F6urth;pull  the 
handle  to>yard  the^ side  having  the  adjustable  , 
.  jaw.  This  will  prevent  the  adjustable  jaw  from 
springing  open  aiid  slipping  off  the  nut.  If  the 
locatiou,pf  the  work  wiir^nbt  allow  all  four  steps 
to  be  followed  when  using  ah  adjustable French, 
then  select  another'Type  of  wrench  for  the  job. 

Adjustable  wrenches"  should  be  cleaned  in  a  , 
solvent,    and    a    light    oil    applied    to  the 
thumbscrew  and  the  sides  of, the  adjustable  jaw. 
They  should  also  be  inspected  oflen  for  cracks 
which  might  result  in  failure  of  the  wrench. 

ScrewdrivcR 

Two  basic  screwdriver  blade  types  are 
used-the  common  '  blade  -for  use  on 
conventional  slotted  screws  and  a  crosspoint 
blade  for  use  on  the-jrecessed  head  Phillips  or 
Reed  arid  Prince  type  screws.  Both  types  of 
^  screwdrivers  are  illustrated  in  figure  2-6.  The^ 
common  an^  crosspoint  blade  types  are  used  in 
the  design  of  various  special  screwdrivers,  som€/ 
of  which  are  also  shown  in  figure  2-6i  " 

COMMON  SC  RE  WD  RIVERS.-The 
combined  ,  length  of  the  s*hank  and'  blade 
identifies  the  size  of  common  screwdrivers.  They 
vary  from  2  1/2  to.  1 2  inches.  The  diameter  of 
the  shank  and  the  width  and  thickness  of  the 
blade  tip  which  fits  the  screw  slot*  are  in 
proportion  to  the  length  of  the  ihank.  The  blade- . 
is  hardened  to  prevent  it  from  being  damaged 
when  it  is  used  on  screws.  It  can  easily  be 
chipped  or ;  blunted  when  used;  for  other 
-purposes.  The  bladie  of  a  poor  quality 
screwdriver  will  sometimes  become  damaged 
even 'when  being  used  properly.. 

A  damaged  common  screwdriver  may  be 
repaired  by  drei,sihg  the  blade  if  done  correctly.. 
This  can  be  done  byJhe  following  instructions: 

.1.  Dress  the  sides  with  an  emery  wheel  so 
that  the  blade'is  symmetrical  in  shape, 
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2.  Squarex)ff  the  end  with  the  wheel;  check 
for  squareness  by  resting  the  tip  on  the  handle 
of  a  trysquare,  and 'move  the  shank  of  the 
screwdriver  close  to  the  blade  of  the  trysquare. 
>     If  the  blade  of  the  trysquare  eAd  shank  are 
—  • parallel,  the  tjp  is  square. 


CROSSPOINT  SCREWDRIVERS  .-There 
are  two  types  of  crosspoint  screwdrivers  in 
common  use-the  Reed  and  Prince,  and  the 
Phillips.  The  Reed  and  Prince  screwdrivers  and 
Phillips  screwdrivers  are  not  interchangeable; 
therefore,    always  ^use    Reed    and    Prince  '  - 
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scre^ydriver  with  Reed  and  Prince  screws  and  a 
Phillips  screwdriver  with  Phillips  screws.  The  use 
of  the  wrong  screwdriver  will  result  in 
mutilation  of  the  screwhead. 

OFFSET  SCREWDRIVERS.-- An—offset 
-screwdriver  (fig.  2-6)  may  be  used  where  there  is 
not  sufficient  vertical  space  for  a  standard 
screwdriver.  Offset  screwdrivers  are  constructed 
with  one  blade  forged  in  line  and  another  blade 
"forged  a[t  right  angles  to  the  shank  handle.  Both 
blades  are  bent  90  degrees  to  the  shank  handle. 
By  alternating  ends,  most  screws  can  be  seated 
or  loosened  even  when  the  ^winging  space  is  very 
restricted.  Offset  screv/driveKs  are  made  for  both  ' 
standard  and  recessed  head  screws. 

CAUTION:  When  ^'  using  any  type  of 
screwdriver,  do  not  hold  the  work  in  the  hand.. 
If  the  point  slips,  it  can  cause' a  bad  cut.  The 
ASM'  will  always  be  safe  when  following  this 
rule:  Never  get  any  part  of  the  body  in  front  of 
the  screwdriver  point.  This  is  a  good  safety  rule 
for  any  sharp-pointed  tool.  When  reoioving  a 
screw  from  an  assembly  that  is^not  stationary,, 
hold  the  work  oh  a  solid-surface,  in  a  vise,  or 
with  some  other  holding  tool. 


TORQUE  TOOLS 

Torque  is  the  result  of  a  force  that  produces 
rotation:  force  times  distance  equals  the  torque 

~about  a  point  (F.x  L  -  T).  The  force  is  the 
amount  of  pressure  e?^erted  on  the  handle  of  the 
torque  wr(^nch  and  is  measured  in  weight  units 
such  as  grams  or  ounces.  The  lever  length  is 
measured  in  units  such  as  meters  and  inches. 
Torque  is  expressed  in  weight-length  units  such 
as  gram-centimeters,  ounce-inches,  poynd-feet, 
■etc.  Torque  units  may  be  changed  to  other 
torque  units  without  changing  their,  value.  For- 
example,  ounce-inches  can  be  converted  to 
pbund-ihches  by  dividing  by  16,  the  number  of 

1  ounces  in  a  pound. ^Table  2-1   is  a  torque^^ 
conversion  table.  \ 


Table  2-1.— Torque  value  conversion 


Torque  Wrenches 


^  There  are  times  when,  for  engineering 
reasojis,  a  definite  pressure  must  be  applied  to  a 


Divide 

.By 

To  Obtain  . 

Gram-centimeters_^ 

-Gram  inchco  

~^Gra  m-c  enti  meters 

72 

Ounce-inches 

Ounce-inches 

16 

Pound-inches 

Pound-inches 

12 

Pound-feet 

Multiply 

■J 

By 

To  Obtain 

Gram-inches 
Ounce-inches 
Pound-inqhes 
Pound-feet 


^'J2,54  Gram-centimeters 

72  ""ram-centimeters 

16  Ounce-inches  * 

12  Pound-inclxes 


(1  inch  =  2.54  Centimeters) 
(1  ounce  =  28.35  Grams) 


nut,  bolt,  screw,  or  other  fastener.  In  such  cases 
a'  torque  wrench  must  be  used.'  The  torque 
wrench  is  a  pfdtision  tool  consisting  of  a 
torque-indicating  handle  jind  appropriate 
adapter  or  attachments.  It  is  used  to  measure*  tlje 
amount  of  totning  or  twisting  force  applied  t(j^' 
nut,  bolt,  or  screw.  ;  ^ 

The  three  most  commonly  used  ,  torque 
wrenches  are  the  Deflecting  Beam,  Dial 
Indicating,  and  Micrometer  Setting  types  (fig. 
2-7).  When  using  the  Deflecting  Beam  and  the- 
Dial  Indicating  torque  .wrenches,  the  torque  is 
read  visually  on  a  dial  or  scale  mounted  on  the 
handle  of  the  wrench. 

To  use  the  Micrometer  Setting- type,- unlock 
the  grip  and  adjust  the  handle  to. the  desired 
setting  on  the  micrometer  scale,  tlien  relockvthe 
grip.  Install  the  required  socket  or  adapter  to  the 
square  drive  of  the  handle.  Place  the  wrench 
assembly  on  the  nut  or  bolt  and  pull  in  a 
clockwise  direction  with  a  smooth  steady 
*notion.  (A  fast  or  jerky  motion  will  result  in  an 
nnprope/ly  torqued  unit.)  ^.When  the  torque 
^applied  reaches  the  torque  value  indicated  on 
the  handle ^tting,  the  hsindle  will  automatically 
release  or  "break"  and  move  freejy  f6r  a  short 
distance.  The  release  and  free  travel  is  easily  f<^lt, 
so  there  is  no  doubt  about  when  the  lorquing 
process  is  complete. 
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tEXtension.      ^torque  wrench 
typical  extension  attached  (center  lines  connecting) 


DEFLECTING 
BEAM 


TYPICAL  EXTENSION  ATTACHED  (CENTER  LINES  BISECTING) 
Figure  2r7.— Torque  wrenches. 
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EKLC 


To ,  assure  getting^  the  correct  amount  of 
torque  on  the  fasteners,  all  tdrque  handles  must 
He  tested  at  least  once  a  month,  or  more  often  if 
usage  indicates  it  is  necessary. 

The  following  precautions  should  be 
observed  when  using  torque  wrenches: 

1.  Do  not  use  the  torque  wrench  as  a 
hammer.  ^  / 

2.  When  using  the  Micrometer  Setting  type, 
do  not  move  the  setting  handle  below  the  lowest 
torque  setting.  However,  it  should  be  placed  at 
Jts  lowest  setting  prior  to  returning  to  storage. 


'  3.  Do  hot  use  the  torque  wrench  to  apply 
greater  amounts  of  torque  than  its  rated 
capacity. 

4.  Do  not  use  the  torque  wrench  to  break 
loose  bolts  which  have  been  previously 
tightened. 

5 .  Never  store  a  torque  wrench  in  ^oolbox 
or  in  an  area  where  it  may  be  damaged. 

TORQUE  VALUES.-Torquing  can  be 
described  as  the  twisting  stress  that  is  applied  to 
the'^fasteiiers  to' secure  components  together. 
These  fasteners  can  be  nuts,  bolts,  studs,  clamps, 
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Tabia  2-2.-Torque  value  in  inch-pounds  for  standard  nuts,  bolts,  and  screws 


0 

Standard  nuts,  ix}lts,  and  screws 

Wrench  size 

Rr»l  t     stiiH  Of* 

screw  size  ^ 

X  t;iioi.ui  tyya  nulo 
AN310  and  AN365 

^      oneur  lype  uis 
AN320  and  AN364 

1/4 

4-48 

4-5  5 

<t  •  */— o#  u 

5/16 

6-40 

7  5-11 

A   K  K 

11/32 

19-  1  *^ 

•  7-0 
1 -a 

3/8 

19    1  ^ 

7/16 

1/4-28 

50-70 

30-40  , 

.  1/2 

5/16-24 

100.-140 

60-85 

9/16 

3^8r 24  - 

160-190 

95-110 

5/8 

7/16-20 

450-500 

270-300 

3/4 

1/2-20 

480-690 

290-410 

7/8 

9/16-18 

800-1,000 

'  480-600 

15/16 

V-  5/8-18  . 

1,100-1,300 

660-780 

1  1/16 

3/4-16 

2,300-2,500 

1,300-1,500 

1  1/4 

7/8-14 

2,500-3,000 

1,500-1,800 

•    1  7/16 

1-14 

3,700-5,  500 

2,200-3,300^ 

NOTE:  AN  specification  numbers  may  be  superseded UyiMS  specification 
1  numbers. 


etc.  Torquel;  values  for  these  fasteners  are 
expressed  in  inch-pounds^or  foot-pounds.  Unless 
otherwise  stated,  all  torque  values  should  be 
obtained  with  the  manufacturer's  recommended 
thread  lubrics  nt  applied  to  the  threads. 


alues  are  usually  listed  in  the 


Torque  y; 

.appropriate  section  of  the  applicable, 
instructions  Manual.  FfaweveT,  in, case  there  is 
no  torque  ^pe'cifi_ed,  the  torque  values  in  table 
2-2  can  be  u^d  as  a  guide  in  tightening  nuts, 
bolts,  and  s(|rews.  Osing  the  proper  torque 
allows  the  structure  to  develop  its  design 
strength  and  ^eatly  reduces  the  possibility  of 
failure  duej  to  fatigue.  One'  word  of 
caution— never!  rely  on  memory  for  torque 
information,  but  look  up  the  correct  torque 
value  each  time  it  is  needed.  A  nut  or  bolt  that  is 


not  torqued  to  the  proper  value  may  cause 
damage  to  the  componeht  or^  equipment. 

The  proper  procedure  is  to  tighten  at  a 
uniformly  increasing  rate  until  the  desired 
torque  is  obtained.  In  some  cases,  where  gaskets 
^or  other  parts  cause  a  slow  permanent  set,  the 
torque  must  be  held  at  the  desired  value  until 
the  material- is  seated.  When  applying  torque  to  a 
series  of  bolts  on  a  flange  or  in,  an  area,  select  a 
median  value.  If  .some  bolts  in  a  series  are 
torqued  to  a  minimum  value  and  others  to  a 
maximum,  force-  is  concentrated  on  the  tighter 
bolts  and  is  not  distributed  evenly.  Such  unequal 
distribution  of  force  may  cause  shearing  or 
snapping  of  the  bolts. 

Torque  wrench  size'  must  be  considered 
when  torquing.  The  torque  wrenches  are  listed 
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accdrding  to  size  and  should  be  used  within  this 
recommended  range.  Use  of  larger  wrenches 
which  have  too  great  a  tolerance  results  in 
inaccuracies.  When  an  offset  extension  wrench  is 
used  with  a  torque  wrench,  the  effeQtive  length 
of  the  torque  wrench  is  changed.  The  torque 
wrench  is  so  calibrated  th^t  when  the  extension 
is  used,  the  indicated  torque  (the  torque  which 
appears  on  tlie  dial  or.  gage  of  the  torque 
.wrench)  may  be  different  from  the  actual  torque 
vhat  is  applied  to  the  nut  or  bolt.  Therefore,  the 
wrench  must  be  preset  to  compensate  for  the 
increase  when,  an  offset  extension  wrench  is 
used. 

Occasionally,  it  is  necessary  to  use  a  special 
extension  or  adapter  wrench  together  with  a 
standard  torque  wrench.  In  order  to  arrive  at  the 
resultant  required  torque  limits,  the  following 
formuj% should  be  used. 


S  = 


T  X  L 
(E  +  L) 


Where: 

S  =  Reading  of  setting  on  torque  wrench. 

I 

T  =  Recommended  torque  on  part. 

u  4 

L  =  Length    of   torque   wrench  (distance 
between  center  of  drive  and  center  of 
.  hand  grip).  ' 

E  =  Length  of  extension  of  adapter  (distance 
between  center  of  drive  and  center  of 
broached  opening  measured  in  the  same 
place  as  L), 

EXAMPLE:  Recommended  torque  is  100 
inch-pounds.  Using  a  12-inch  torque  wrench  and 
a  6-inch  adapter,  determine  reading  on  torque 
wrench. 


S  = 


100  X  12 
(6+12) 


1200 
18 


=  66.6  inch-pounds 


When  the  extension  is  pointed  back  toward 
the  handle  of  the  torque  wrench,  subtract  the 
effective  length  of  the  extension  JWitl Jhe,^ 
effectiye  length -of  the  torque  wrench.  If  the 
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Figure  2-8.-Torque  screwdrivers. 


extension  is  pointed  at  a  right  angle  to  the 
torque  wrench,  tlien  the  actual  value  does  not 
change.. 

It  is  not  advisable  to  use  a  handle  extension 
on  a  deflecting  beam  type  torque  wrench  at  any 
time.  A  handle  extension  alone  has  no  effect  on 
the  reading  of  other  types.  The  use  of  a  drive 
and  extension  on  any  other  type  of  torque 
wrench  makes  the  use  of  the  formula 
mandatory.  When -applying- the  formula,  force 
must  be  applied  to  the  handle  of  the  torque 
'wrench  at  the  point  from  which  the 
measure^nents  were  taken.  If  this  is  not  done, 
the  torcjue  obtained  wi}l  be  in  error'  v  ^ 

Torque  Screwdrivers  ^  ^ 

A  yariety  of  torque  tools  is  available^/ such  as 
the,  small  torque  screwdrivers  used  on\^watches 
and  instruments.  Two  types  of  J>  torqu^ 
screwdrivers  are  illustrated  in  figure  2-8  .pn  ojfe 
the  pointer  indicates  the  applied  torque  ori^a^ 
circular  dial.  The  other  is  limited  to  preset 
value  in  the  handle  causing  it  to  turn|  freely 
when  the  torque  value  is  reached.  \\ 

Torque  Controlled  Power  Tools  \  / 

There  are  two  types  of  torque  contro^lled 
power  tools.  The  torque  controlled  nutrunner 
__and--sc~rewdriver=ffire=tt^a=to^g^      screws  and 
small  nuts  to  torque  values  between  10  and  100 
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inch-pounds.  The  other  torque  power  tool  is  a 
torque  controlled  impact  wrench.  It  is  used  for 
tightening  bolts  and  nuts  to  torque  values 
between  20  and  100  foot-pounds.  Both  these 
tools  operate  on  compressed  air  at  90  ±10psi 
pressure.  A  flexible  hose  is  used  to  connect  the 
tool  to  the  air  supply.  -  ^ 

A  torqi -  u  controlled  nutrunner  consists  of  an 
air  motor  fitted  with  a  torque  limiting  device.  A 
clutch  in  the  torque  limiter  is  released  by  the 
action  of  balls  over-riding  detents  when 
sufficient  resistance  is  encountered.  When  thd 
tool  is  removed  from  the  work,  the  cluteh  resets 
and  is  ready,  to  tighten  the  next  fastener.  Jhe 
torque  at  which  the  clutch  releases  .  set  by  an 
adjustment  that  changes  the  pressure  of  the 
spring  that  holds  the  balls  in  the  detents. and  is 
dependent  on  the  rundo\yn  resistance  of  the' 
fastener  and  the  materials  in  th& joint. 

The  torque  controlled  impact  ^yrench 
consists  of  an  air  motor  and  a  hammer 
mechanism.  Torque  is  controlled  by  adjustable 
torsion  bars.  The  three  torsion  bars  provide  low 
range-20  to  45  foot-pounds;  medium  range— 40 
to  65  foot-pounds;  and  high  range-60  to  9p 
foot-pounds.^  The  output  torque  of  t.  'i  tool  is  J 
regulated  by  the  amount  of  torque  preset  in  the 
torsion  bar.  When  the  tool  is  applied  to  .  a 
fastener>  the  torsion  bar  functions  ^s  a  rigid 
driving  member  until  the  fastener  is  tightened  to 
a  torque  value  equivalent  to  the  preload  torqut^ 
in  the  bar.  At  this  point  the  torsion  baracquires_ 
additional  4^wist  when  the  internal  hammer  in: 
the  tool  strikes  and  unwinds  between  hammer' 

^lows,  This  rebo undj ng — actiorr    t rips  '  laT 

mechanism  ,  that  shuts  off  the  air  and  stops  the 
tool.      r  ... 

MICROMETER 

It  is  important  that  a  person  who  is  working 
with  machinery  or  in  a  machine  shop  thoroughly 
understand  the  mechanical  principles, 
construction,  use,  and  care  of  the  micrometer. 
Figure  2-9  shows  an  outside  micrometer  caliper 
with  the  various  —parts  crlearly  -  indicated. 
'Micrometers-iire  used  to.  measure  distances_tp__ 
_the  nearcst^onc— thotisandth'^of ~an'  inch.  The 
measurement  is  usually  expressed  or  written  as  a 
decimal;  so  you  must  know  the  method  of 
writing  and  reading  decimals. 


SPINDLE 


ANVI 


THIMBLE 

RATCHET  STOP 
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Figure  2-9.— Nomenclature  of  an  outside 
micrometer  caliper. 


TYPES 

■-■  >  - 

There  are  three  types  of  micrometers  that, 
are  most  commonly  used  throughout  vhe  Navy: 
the'oiitside  micrometer  caliper  (including  the 
screw    thread    micrometer),    the  iiiside 
micrometer,  and  the  depth  micrometer.  (See  fig. 
2-10.)  The  outside   micrometer  is  used  for 
jneasq.ring  outside  .dimensions,  such  as  the 
diameter  of  a  piece  of  round  stock.  The  screw 
thread  microm'eter  is  used  to  determine  the ' 
pitch  diameter  of  screws.  The  inside  micrometer 
is  used  for  measuring  inside  dimensions,  as  for 
example,  the  inside  diameter  of  a  tube  or  hole, 
the  bore  of  a  cylinder,  or  the  width  of  a  recess. 
The  depth  micrometer  is  used  for  measuring  Uie^ 
de£th_ofJioles.or-reGesses:  T  , 

SELECTING  THEf 
PROPER  MICRGI«ETERv  \ 

The  types  of  micron^^ers  .commonly  used- 
are  made  so^hat  the  long^^  jiioVgmcnt  possible 
between  the  spindle  and  the  anvil  is  1  inch.  This 
movement  is  called  the  '*range.''  The  frames  of 
micrometers,  hrfweVer,  are  available  in  a  wide 
variety  of  sizes,  from  1  inch  up  to  as  large  as  24 
inches!  The  range  of  a  1  -inch "micrometer  is  from 
0  to  1  inch;  injDthei^^ords:;Jt-Gaft-4>e-^ 
-work"wheTe"The  part  to  be  measured  is  J  .  inch  or 
less.  A  2-inch  micrometer  has  a  rang^  from  1 
inch  to  2  inches,  arid  will  measure  only  work 
between  1  and  2  inches  thick;  a  6-inch 
micrometer  has  a  range  from  5  to  6  inches,  and 
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tNSlOE  MTCROMETER  AND  EXTENSION  ROOS 


DEPTH  MICROMETER  AND  EXTENSION  RODS 

^  '  4.20.1  B 


Figure  2-IO.^Common  types  of  micrometers. 


will  measure  only  work  between  5  and  6  inches 
thick.    It   ic   necessary,   therefore,   that  the 
mechanic  in  selecting  a  micrometer  first  find  the 
apprqxijmate  size  of  the  work  to  the  nearest  / 
inch,. arid  then  select  a  micrometer  that  will  fit 
it.  Fbr  example,  to  find  thq  exact  diameter  of  a 
prece  of  round  stock;  use  a  rule  and  find  the 
approximate  diameter  of  the  stock.  If  it  is  found 
to  be  approximately  3  1/4  inches,  a  micrometer 
with  a  3-  to  4-inch  range  wou]d  be.required-tQ— 
jTie^sujs^the^  exact -diameter.  Similarly,  with 
inside  and  depth  micrometers,  rods  of  suitable 
lengths  must  be  fitted  into  the  tool  to  get  the 
approximate  dimensian  within  an  inch,  afters 
which  the  exact   measurement   is  ready  by 
turning  the  thimble.  The  size  of  a  micrometer 
indicates  the  size  of  the  largest  wpr^^^ 
^measure.  TH- 
READING A  MICROMETER  CALIPER 

The    sleeye   and   thimble  -scales  of  the  . 
micrometer- caliper  have  been  enlarged  in  figure 
2-1 1 ,  To  understand  these  scales,  you  need  to 
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Figure'2-11. -Sleeve  and  thimble  scales  of 
a  micrometer  (enlarged). 
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Figure  2-12.— Read  a  micrometer  caliper 


know  that  the  threaded  section  on  the  spindle, 
which  revolves,  has  40  threads  per  inch. 
Therefore,  every  time  the  thimble  completes  a 
revolution,  the  -spindle   advances  or  rejcedcs 

1/40"  (ag25:a._--^ — — — n  ^' 

Notice  that  the  horizontal  line  on  the  sleeve 
is  divided  into  40  equal  parts  per  inch.  Every 
fourth  graduation  is  numbered  1,  2,  3,  4,  etc., 
representing  O.lO0'\  0.200",  etc.  When  you  turn 
the  thimble  so  that  its  edge  is  over  the  first 
sleeve  line  past  the  ''0*'  on  the  thimble  scale,  the_ 
spindle  has  Opened  0.025".  If  yoiTTumTThe 
spindle  to  the  second  mark,  it 'has  moved  0.025" 
plus  0.025"  or  0.050".  Vou  use  the  scale  on  the 
thimble  to  complete  your  reading  when  the  edge 
of  the.  thimble  stops  between  graduated  ,  lines. 
This  scale  is  divided  into  25  equal  parts,  each 
part  representing  1/25  of  a  turn.  And  1/25  of 
0.025"  is  0.001".  As  you  can  see,  evsry  fifth 
line  on  the  thimble  scale  is  marked  5,  10,  15, 
etc.  The  thimble  scale,  therefore,  permits  you  to 
take  very  accurate  readings  to  the  thousardths 
of  an  inch,  and,  since  you  can  estimate  betwr^en 


the  divisions  on  the  thimble  scale,  fairly  accurate 
readings  to  the  ten :  thousandth  of  an  inch  are 
possible.   -  —   " 

The  closeup  in  figure  2-12  will  help  you 
understand  how  to  take  a  complete  .micrometer 
reading.  Count  the  units  on  the  thimbje  scale 
and  add  them  to  the  reading  on  the  sleeve  scale. 
The  reading  in  the  figure  shows  a  sleeve  reading 
of  0.250"  (the  thimble  having  stopped  sliglitly 
more'  than  halfway  ^etWeen_2_and--3  on^he" 
_sleev^Mvith-thei' 1 0th  line  on  the  thimble  scale 
coinciding  with  the  horizontal  sleeve  line. 
Number  1^0  on  this  scale  means  that  the  spindle 
has  moved  away  from  the  anvil  an  additional  10 
X  0.001"  or  0.010".  Add  this  amount  to  the 
0.250"  sleeve^  reading,  and  the  total  distance  is 
0.260". 

.of  the  micrometer*  settings  in 
.  ^*  that  you  can  be  sure  of  yourself 
.  .  .  u  begin  to  use  this  tool  on  the  job.  The 
correct  readings  are  given  following  the  figure. so 
that  you  can  check  yourself.  < 
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0  12  3 

hiliiiliuli 

Answers  for  checking- 


1. 
2. 
3. 
4. 
5. 


=  0.327 
-  0.229 
=  0.428 
=  0.438 
=  0.137 


6.  =  0.336 

7.  =  0.246 
8;  =  0.148 
9.  =  0.349 


Figure  2-13'.-Micrometer-reading  exercises. 
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calculation  A.  To  read  it  to  FOUR  decimal 
'  places,  estimate  the  number  of  tenths  of  the 
distance  between  thimble-scale  graduations,  the 
horizontal  line  has  fallen.  Each  tenth  of  this 
distance  equals  one  ten-tKousandth  (0.0001), of  - 
an  inch.  Add  the  ten-thousandths  to  the  reading 
,  as  shown  in  calculation  B  of  figure  2-14. 

READING  A  VERNIER 
MICROMETER  CALIPER 

Many  times  you  will  be  required  to  work  to 
exceptionally  precise  dimensions.  Under  these 
conditions  it  is  better  to  use  a  micrometer  that  is 
accurate  to  ten-thousandths  of  an  inch.  This 
degree  of  accuracy  is  obtained  by  the  addition 
of  a  vernier  scale.  .This  scale,  shown  in  figure 
'2-15,  furnishes  the  fine  readings  between  the 
linfes  on. the  thimble  rather  than  making  you 
estimate.  The  10  spaces  on  the  vernier  are 
equivalent  to  9  spaces  on  the  thimble. 
Therefore,  each  unit  on  the  vernier  scale  is  equal 
to  0.0009"  and  the  difference  between  the  sizes 
of  the  units  on  each  scale  is  0.0001 - 

When  a  line  on  the  thimble  scale  does  not 
coincide  with  the  horizontal  sleeve  line,  you  can^ 
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Figure  2-14.-lnterpolating  a  micrometer  reading. 


Figure  2-14  shows  a  reading  in  which  the 
horizontal  line  falls  between  two  graduations  oh 
the  thimble  scale  and  is  closer  to  the  15 
graduation  th^n  .it  is  to  the  14.  To-read  this  to 
THREE  decimal  places,  refer  to  figure  2-14  and 
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Figure  2-15.-Vernier  scale  on  a  micrdmeter. 
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.2862 
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Fiyure  2-1G.— Read  a  vernier  micrometer  caliper. 


determine  the  additional  space  beyond  the 
readable  thimble  mark  by  finding  which  vernier 
mark  coincides  .with  a  line  on  the  thimble  scale. 
Add  this  number,  as  that  many  ten-thousandths 
of  an  inch,  to  the  original  reading.  In  figure  2-1 6 
see  how  the  second  line  on  the  vernier  scale_ 
coincide^  with  a  line  on  the  thimble^ scaleT 

This  means  that  the  0.0 11.  mark  on  the 
thimble  scale  has  been  advanced  an  additonal 
0.0002"  beyond  the  horizontal^deeve^ 
_you  add-this  to  the  ofHeF readings,  the  reading 
will  be  0.200  J:  0.075  +  0.011  +  0.0002  or 
0.2862  "'as  shown. 

I      ^  ,    '  "  ' 

MEASURING  HOLE  DIAMETERS  WITH 
AN  INSIDE  MICROMETER  CALIPER 

To  measure  the  diameter  of  small  hole^  from 
0.2"  to  r*  in  diameter,  an  inside  micrometer 
caliper  of  the  jaw  type  as  shpwn  in  figure  2-1 7A 
may  be  used/Note  that  the  figures  on  both  the 
thimble  and  "the  barrel  are  reversed,  increasing  in 
the  opposite  direction  from  those  on  an  outside 

'  micrbmete^^  caliper.  This  ^is  because  .this 
micrometer  reads  inside  measurements.  Thus  as 
.you^  turn  the  thimble,  clockwise  on  this 
micrometer,  the  measuring  surfaces  move  farther 

-  :apart  arid  the  reading  Increases.  (Dn  an  outside 
micrometer  caliper,  aS  you  turn  *  the  thimble 


clockwise,  the  meaisuring  surfaces  move  closer 
together  and  the  reading  decreases.) 

For  holes  from  '2"  vfp  to  several  feet  in 
diameter,  select  the  inside  micrometer  having 
extension  rods  whose  range  includes  the 
required  dirnension.  The  extension  rod  marked 
"6-7,"  for  example^  when  inserted  into  tlie  head 
of  the  micrometer,  will- measure  inside  diameters 
fromr6"  to  7".  The  shoylder  on  the^rod  must 
seat  properly  to  erisure  a  cbrrect  reading.  Figure 
2-1 7B  shows  that,  for  large  measurements,  both 
^  hands  are  used.,  to  set  the  micrometer  for 
'  checking  a  diameter.  Hold  one  end  in' place  with 
one  hand  as  you  "feel*',  for  the  maximum 
possible  setting  by  moving  tjie  other  end  from 
left  to  right,  and  irrand  out  of  theiiole  withlhe 
otjier  hand.  When  no  left-tb-right  mbvement  is 
possible,  and  a  slight  drag  is  noticed  on  the 
in-and-out  swing,  take  the  reading.  '  . 

MEASURING  ROUND  STOCK 

r  ■    »  " 

When  measuring  the  diameter  of  a  small 
piece  of  round  stock,  hold  tfie  stock  to  be 

 -^measured  in  "one  hand.  Hold  thejnicrometer  in 

the  other  hand  so  that  the  thimble  rests  between 
the  thumb  and  the  forefinger.  (See  fig.  2-18.) 
The  third  finger  is  then  in  a  position  to  hold  the 
frame  against  the  palm-OfLthe-haricilT-The  frame  is 

- — suppprfed  in  this  manner  and  makes  it  easy  to 
guide  the  work  over  the  anvil.  The  thumb  and 
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Ftgul'e  2-17.-Measuring  an  inside  diameter 

\  with  an  inside  caliper. 
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Figure  2-1 8.-Mea$uring  round  stock  with 
a  micrometer  caliper. 

forefinger  are  in  position  to  turn  the  thimble' 
either  directly  or  through  the  ratchet  and  hring 
the  -spindle  over  against  the  surface  being 
measured . 

Turn  the  spindle  down  to  contact  by  "feel,'* 
or  else  use  the  ratchet  stop.  Your  feel  should 
produce  the  same  contact  pressure  and  therefore 
the  same  reading  as  that  produced;  when  the 
_  ratchet  stop  is  usedT-Develop  your  "feel'*  by 
measuring  a  certain  dimension  both  with  and  7 
without  the  aid  of  the  ratchet  stop.  When  you 
have  the  ^correct  feel,  you  will  get  the  same 
readings  by  both  methods. 

In  measuring  round  stock  the  feel  must  be^ 
very  light  because  there  , is  only  a  line  contad/^ 
betweien  the  spindle  and  the  stock  and  the  anvil 
and  the  stock.  Therefore  the  contact  area  is 
exceptionally  small,  causing  a  proportionally 
high  contact  pressure  per  unit  of  Jirea.  This  fends 
to  give  a  reading  smaller  than  the  true  reading  , 
unless  the  light   feel  is  used.  Moreover,  in 
measuring  a^ajl  from  a  ball  bearing,  the  contact  , 
is  at  pnly  twp  points,  so  the  contact  area  is  again 
very  small,  .^which  results  in   a  tremendous 
pressure^ per  unit  of  area.  This  condition  requires 
only  the  lightest  possible  contact  pressure  to 
give  a  true  reading. 

-  •  Hold  the-micrometer  lightly  and  for  only  as 
long  as  is  necessary  to  make  the  measurement. 
Wrapping  the  hand,  around  it  or  holding  it  for 
too  long  a  time  will  cause  expansion,  of  tlfe 
metal  and  will  introduce  errors  in  measurement. 
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Figure  2*19,-Measuring  flat  stock  with 
a  micrometer  caliper. 


Read  the  setting  on  the  thimble  scale  (if  the 
object  is  small)  without  removing  the 
micrometer  caliper  from  the  object. 

MEASURING  A  FLAT  SURFACE 

Whep  measuring  a  flat  surface  with  a 
micrometer  caliper,  the  entire  area  of  both  the 
anvil  arid  the  spindle- is  in  contact  with  the 
surface  being,  measured.  This  causes  a 
proportionally  low  contact  pressure  per  unit  of 
area.  Therefore  the  "feel"  should  be  slightly 
heavier  than  when  measuring  round  stock. 

'  On  large  flat  work,  it  is  necejssary  to  have  the 
work  stationary  and  positioned  to  permit  access 
for  cthe  micrometer.  The  proper  method  of 
holding  a  micrometer  when  checking  a  part  too 
large  to  be  held  in  one  hand  is  shown  in  figure 
2-19.  The  frame  is  held  by  one  hand  to  position  . 
it  and  to  locate?  it  square  to  the  measured 
surface.  The  other  hand  operates  the  thimble 
either  directly  or  through  the  ratchet.  A  large 
flat  surface  should  be'riieasured  in  several  places 
tovdetermine  the  aimount  of  variation.  It  is  good 
practice  to  lock  the  spindle  in  place  with  the 
IDcknut  before-  removing  the  micrometer  from 
the  part  being  measured.  After  removal  of  the 
micrometer  the  measurement  indicated  on  the 
thimble  scale  can  then  be  read. 

To  retain^a  particular  setting, 'in  cases  where 
several  pieces  are  to  be  gaged,  lock  the  spindle  in 
place  with  the  locknut.  When  a  piece  is ^'gaged" 
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Figure  2-20.— Hammers. 


with  a  micrometerXwhose  spindle  is  locked  to  a 
pafj^icirtar .  setting,  the  piece  can  quickly  be 
T3entified  as^oversize,  correct  size,  or  unciersize. 

CARE.  OF  MICROMETERS 

Keep  micrometers  clean^and  liglitly  oiled. 
Make  sure  they  are  placed  in  a.case  or  box  wfien 
they  are  not  in  use..  An vil\  faces  must  be 
protected"  from  damage  arid  ihusr^iot  be  cleaned 
with  emery  cloth  or  ottfei^brasive.v 


STRIKING  TOOLS 


HAMMERS 


\ 


Generally  speaking,,  this  group  is  compased 
of  various  types,  of  hammers,  all  of  which  a^e 
used  to  apply  a  striking  force  where  the  force  of 
'  /  the  hand  alone  is  insufficient.  Each  of  these 
^ll^mmers  is  composed  of  a  head  and  a  handle, 
even  though  these  parts  differ  greatly from 
hammer  tb  hammer.  So  that  the  ASM  may  have 
a  better"  idea  of  their  differences  and  uses,  let's 
consider  the  types  of  hammers  used  most 
frequently^.  (See  fig.  .2-20.)  t.. 

The  ball-peen  hammdr  is  sometimes  referred 
to  as  J3L  machmist's  hammer.  It  is  a«  hard-faced 
hammer  made  of  forged  tool  steel. 


The  flat  end  of^he  head  is  called  the  face. 
This  end  is  used  for  most  hammering  jobs.  The. 
other  end  of  the  hammer  is  called  the  peen.  The 
#)een  end  is  smaller  in  diameter  than  the  face  and 
is  therefore  useful  for  striking  areas  that  are  too 
small  for  the  face  to  enter. 

Ball-peen  hanipiers  are  made  in  different, 
weights,  usually  ^,  6,  8,  and  1  2  ounces  and'  1 ,  I 
1/2,  and   2   pounds.  For  most  work,  a  1 
1/2-pound  and  a  12-ounce  hammer  will  suffice. 

A  mallet  is  a  soft  faced  hammer.  Mallets  are 
constructed  with  heads  made  of  brass,  lead, 
tightly  rolled  strips  of  rawh^ide,  and^  plastic  or 
plastic  with  a  lead  core  for  added  weight. 

Plastic  mallets  similar  to  the  one  shown  in 
figure  2-20  are  the  type  normally  found  in  the 
ASM's  toolbox.  The  weight  of  the  plastic  head- 
may  range  from  a  few  ounces  to  a- few  pounds. 
The  plastic  mallet  ma/ be  used  for  straightening 
thin  sheet  ducting  or  when  installing  clamps. 

Hammers  are  dangerous  tools  when  used 
carelessly  and  without  consideration.  Practice 
will  help  the  ASM  to  learn  to  use  a  hammer 
properl/1- Some  important  things  to  remember 
when  using  a  hammer  or  mallet  are  as  follows: 

Hold  the  handle  near  the  end  with  the 
fingers  underneath  and'  the  thumb  along  the 
side  or  on  t6p  of  the  handle.  The  thumb  should 
rest  on  theJiaffdle  and  never  overlap  the  fingers. 
Oils  on  the  face  of  the  hammer  will  cause  it  to 
glance  off  the  work;^  therefore,  wipe  the  oil  off 
with  a  rag  then  r|ib  the  face  with  coarse 
sandpaper  or  emery  cloth.  Never  use  a^hammer 
which  has  a  loose  head  or  cra'cked  handle.  It  is 
dangerous  to  personnel  and. to  property.  Most 
hammer  accidents  are  cause4  by  a  loose  hisad  or 
a  slippery  handle,  so  remember  this  when  usingo,. 
SLTx^  kind  of  striking  tool.  Tighten  the  loose 
hammerhead  by  driving  a  wedge  in  the  end  of 
the  handle.  This  spreads  the  handle  tightly  inside 
the  head.  Do  not  strike  a  hardened  steel  surface 
with  a  steel  hammer.  Small  pieces  of  steel  may 
break  and  injure  somepne  or  damage  the  work. 
xUse  a  soft  hammfer  in  striking  liardened  sceel  br 
highly,  polished  stock.  If  a  soft  hammer  is  not 
available,  use  a. piece  of  copper,  brass,  lead,  or^ 
wootl„to  prefect  Jhe  hlirdened  steei.  However,  it 
is  pj^^t^sible  to*strike  a  punch  or  chisel  directly 
•  wifh.  t lib.  ball-peen  hammer  because  the  steel  in 
the  heads\f  punthes  and  chisels  is  sliglitly  softer 
than  that  oivthe  hammer  head; 
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HOLDING  TOOLS 
VISE  GRIP  PLIERS  , 

The  ASM  uses  this  tool  a  number  of  ways. 
These  pliers  can  be  adjusted  to  various  jaw 
Openings  by  turning  the  knqrled  adjusting  screw 
at  the  end  of  the  handle.  Vise  grips  can  be 
clamped  and  locked  in  position  by  pulling  the 
lever  toward  the  handle.  The  vise. grip  pliers  are 
shown  in  .figure  2-21.  They,  may  t)e,used  as  a 
clamp,  speed  wrench,  .portable  vise,  and  for 
many  other  uses  where  a  locking,  plier-type  jaw 
may  be  einpteyed. 

\  \' ■^ 

CAUTION:  Vise  grip  pliers  sliould  be  used 
with  care  since'the  teeth  in  the  jaws  tend  to 
damage  the  object  or  which  they  are  clamped. 
They  should  not  be  used  on  nuts,  bolts,  tube 
fittings,  or  other  objects  which  must  be  reused. 


CHANNEL-LOCK  PLIERS 


Channel-lock  pliers  (fig.  2-22)  can  be  easily 
identified  by  the  extra-long  handles,  which  make 


^01 


Figure  2-21  .-Vise  grip  pliers. 
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(B)  NEEDLE-NOSE 


figure  2-23.-Plier$.;<A)  Duckbills; 
and  (B)  needle-nose. 


them  a  very  powerful  gripping  tool.  The  inner 
surfaces  of  the  jaws  consist  of  a  series  pf  coarse  •> 
teeth  formed  by  deep  grooves,  a  surfacfe  adapted 
to  grasping  cylindrical  objects.  Channel  locks 
have  grooves  on  one  jaw  and  lands  on  t'he  other. 
The  adjustment  is  effected  by  changing  the 
position  of  the  grooves  and  lands.  The  chaniii^K 
locks  are  less  Jikely  to  slip  from  the  adjustment 
setting  whe;i  gripping  an  object.  The 
channel-lock  pliers  will  only  be  used  where  it  is 
impossible  to  use  a  more  adapted  wrench  or 
holding  device.  Many  nuts  ajid  bolts  and 
surrounding  parts  have  been  damaged  by 
improper  use  of  channel-lock  pliers.  ^/ 
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Figure  2-22.-Chi\nneMock  pliers. 


Duckbill  pliere  (A,  fig.  2-23)  have  long  wide 
jaws.and  slender  handles.  Duckbills  are  used  m 
confined  areas  whefe  the  fingers  cannot  be  used. 
The  jaw  face^  of  the  pliers  are  scored  to  aid  in 
holding  an  itemc securely.  ^ 

NEEDLE-NOSE  PLIERS 

,Needle-nose  pliers  (B,  fig.  2-23)' are  used  in  . 
the  same  mariner  as  duckbill  pliers.  Howper, 
there  is,a  difference  in  the  design  of  the  jaws. 
Needle-noi^  jaws  are  tapered  to  a  point  which 
makes  'them  adapted  to  installing^rid  removing . 
small  cotter  pins.  They  have  ^rratiohs  at  the 
nose  end  and  a  side  cutter'  near  the  tliroat: 
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Needle-nose  phers  may  be  uSed  to  hold  small 
items  steady,  to  cut  and  bend  wire,  or  to  do 
numerous  other  jobs  which  are  too  intricate  or 
too  difficult  to  bl  done  by  hand  alone. 

NOTE:  Duckbill  and  needle-nose  pliers  are 
especially  delicate.  Care  should  be  exercised 
when  using  these  pliers  ,  to  prevent  springing, 
breaking,  or  chipping  the  jaws.  Once. these  pliers 
are  damaged,  they  are  practically  useless. 


^   '     '    MISCELLANEOUS  TOOLS 

MECHANICAL  FINGERS 

Small  articles  which  have  fallen  into  places' 
where  they  cannot  be  reached  by  hand  may  be 
retrieved  with  the  mechanical  finjgers.  Thiis  tool 
is  also  used  .when  starting  ':inuts  or  bolts  in 
.difficult  ^  cas.  -The  mechanical  fingers,  shown, in 
figure  2-24,  have  a  tube  containing  flat  springs 
which  extend  from  the  end  of  the  tub^  to  form 
clawlike  firigers,  much  like  the  screw  holder.  The 
springs  are  attached  to  a  rod  that  extends  from 
the  outer  end  of  the  tube.  A  plate  is  attached.to 
the  end  of  the  tube,  and  similar  plate  to  be 
pressed  by  -the  thumb  is  attached  to  the  end  of 
the  rod.  A  coit' spring  placed  around  the^  rod 
between  the  two  plated  holds/them  apart  and 
retracts  the  fingers  into  the  tube.  With  the 
bo'ttom  plate  grasped  betw6en  the  fingers  and 
enough  thumb  pressure  applied  to  the  fop  plate 
*  to  compress  the  spring/the  tool  fingers  extend 
from  the/tube  in  a  grasping  position.- When  the 
thumb  /pressure  is  released,  the  tool  finders 
retract  into  the  tube  as  far  as  the  object  they 
hold  . will  allow/Tlius,  enough  pressure  is  applied 
on  the  obur^t  to  hold  it  securely.  Some 
/^echanica^Trngers  have  a  flexible  end  on  the 
tube  to/pefniit  their  use  in  ctose  quarters  or 
aroui-^dobstructions. 

/.  NOTE:  Mechanical  fingers  should  not  be 
used  as  a  substitute  for  wrenches  or  pliers.  The 
fingers  are  made  of  thin  sheet  metal  and  can  be 
easily  damaged  by  overloading. 

STEEL  SCALE  .  - 

The  steel  scale  shown  in  figure  2-25  is  a 
measuring  device  that  will  usually  be  found  in ' 
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Figure  2-24'.— Mechanical  fingers. 


213.28.1 


the  ASM's  toolbox.  U  is  gradiiated  in  divisions 
of  1/8  .and  1/16  inch  on  one. side  and  1/32  and 
"1/64.  inch  on  the  other  side.  The  steel  scale  most 
commonly  used  is  12  inches  long.  ,  j 
Measurements  are  taken  with  a  steel  scale  bV 
holding  it  on  its  edge  on  "the  surface  of  the 
subject  beihg  measured.'  This  will  prevent 
making  .errors  which  might  be  caused  by  the 
thickness  of  the  sc^le.  Such  thickness  causes  the 
graduations  to  be  a  slight  distance^way  from 
the  surface  of  the  object.  NleasuremeivfSrwe  read 
at  the  graduation  which  coincides  witl)  the 
distance  to  be  measured. 
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FLASHLIGHT 

Each  toolbox  should  have  a  standard  Navy 
vaporproof  two-cell  flashlight.  The  flashlight  is 
used  constantly  during  all  phases  of' 
maintenance.  Installed  in  both  ends  of  the 
flashlight  are  rubber  seals  which  keep  out  all 
vaiJors.  The  flashliglil  should  be  inspected 
periodically  fof^he  installation  of  these  seals, 
tlje  ^pare  bulb,  and  colored  filters  which  are 
contained  in  the  end  cap. 

NOTE:  Do  not  throw  away  the  filters;  they 
will  be  necessary  during  night  work  on  or  near 
the  aircraft  line. 

INSPECTION  MIRROR 

There  are  several  types  of  inspection  mirrors 
available  for  use  in  aviation  support  equipment 
maintenance.  The  mirror  is  issued  iaa  variety  of 
sizes  and  may  be  round  or  rectangular.  The 
'  mirror  is  connected  to  the  end  of  a  rod  and  may 
be  fixed  or  adjustable.  (See  fig.  2-26,) 

The  inspection  mirror  aids  in  raking 
detailed  inspection  where  the  human  eyt  cannot 
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Figure  2*25.-Scale  rule. 


Figure  2-26.-Typical  inspection  mirror. 


directly  see  the  inspection^area.  By  angling  the 
mirror,  and- with  the  aid  of  a  flashlight,  it  is 
possible  to  inspect  most  rejquired  areas. 

CARE  OF  TOOLS  ^ 

Tliis  is  the  time  in  your  Navy  career  when 
you  must  begin  to  develop  good  habits  of  tool- 
care.  The  use  of-  tools  is  necessary  in  order  for 
you  to  put  the  knowledge  you  acquire  on 
maintenance  of  aviation  support  equipment  into  ^ 
practice  in  repaifing  equipment.  It  cannot  be  too 
strongly,  crnphasized  that  the  care  you  give  your 
tools  is  a  coiitributing  factor  in  your  efficiency 
in  the  ^  maintenance  of  aviation  support 
.etjuipment. 

Each  tool  is  designed  for  a  certain  use; 
turning  a  nut,  measuring  something,  holding  a 
part,  straightening  a  piece  of-nnetal,  or  other 
required  operation.  Use  the  tool  for  the  purpose 
for  which  it  was  designed.  For  example,  do  not 
pry  with  a  screw  driver,  use  only  a  hammer  to 
hammer/etc.  When  a  tool  becomes  broken  or 
sprung  or  a  hamn[ier  head  loose  on  the  handle, 
replace  the  brokeih  tod  and  tighten  the  hammer 
head  on  the  handle  before  using  again. 

Keep  tools  ^n  a  certain  place-  in  the  toolbox. 
This  will  enab^le  you  to  locate  a  tool  without 
digging  all  through  the  box  before  finding  what 
you  want.  Jtink,  such  as  used  bolts  and  nut's, 
short  pieces  of  wire,  used  cotter  pins,  etc., 
should  nQt  be  kept  in  the  toolbox-.  When 
beginning  'a  repair  job  lay  all  the  tools  you  think 
you  \yill  need  out  of  the  toolbox  in  a  convenient- 
place  such  as  a  bench,  tool  stand,  or  on  a  cloth 
on  the  ground  if  no  other  convenient  place  is 
available.  As  the  work  progresses  mentally  keep 
ahead  bf  your  hands  by  deciding  what  tool  you 
will  need  next  and  whether  the^tool  is  at  hand  or 
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in  the  box.  This  will  permit  you  Jo^.use^fre'^ 
proper  tool  for  the  work  and^will  permit  the 
work  to  move  forward  as  rapidly  as  possible. 

After  the  job  is  finished,  inspect  all  the  tools 
you' have  used.  Remove  rough  edges  that  have 
resulted  from  ^your  work  and  clean  all  tools 
before  replacing  in  the  box.  Lay  aside  tools  that 
•need  to  be  replaced -so  thAt  you  may  trade 
them  for  usable  tools  at  the  toolcrib.  If  you  have 
used  special  tools,  gather,  them  together  for 
return  to  the  checkout  point.  As  you  replace  the 
tools  in  the  box  mentally  inventory  them  to 
make  sure  you  have,  gathered  all  the  tools  you 
used  and  have  not  left  any  lying  around  the  job. 
Look  over  the  equipment  you  were  working  on 
to  make  sure  no  tools  are  left  in  or  on  the 
equipment.^  Proper  care  of  tools  can  help  you 
feel  the  satisfaction  of  accomplishuig  a  job 
rapidly  and  correctly.  . 


SPECIAL  TOOLS 

In  order  to  become  a  skilled  mechanic  you 
must  not  only  know  the  principle  of 
construction  of  aviation  support  equipment,  but 
you  must  also  be  able,  to  identify  the  tools  and 
equipment  required  to  repair  the  vehicles  and 
keep  them  in  good  operating  condition. 
Handtools«  measuring  devices,  and  fastening 
methods  play  an  important  part  in  every  repair 
job. 

It  is  imnorlant  from  the  standpoint  of  skill 
and  efficiency  that  you  use  a  tool  properly,  and 
use  it  for  the  job  for  which  it  is.  designed.  A 
screwdriver,  for  example,  is  designed  to  loosen 
or  tighten  screws.  It  can  withstand  a 
considerable  twisting  force  in  relation  to  its 
length  and  thickness,  but  a  screwdriver  used  as  a 
chisel  or  pry  bar  can  be  easily  bent  or  broken. 

A  few  special  tools  are  described,  in  this 
training  manual  in  the  sections  which  cover 
specific  items  of  equipment  that  require  special 
tools  for  repair  and  maintenance.  For  example, 
the  special  tools  required  to  repair  and  service  a 
given  model  of  automatic  transmission  are 
described  in  chapter  10,  , 

A  gre^t  variety  of  power-driven  tools  and 
equipment  is  used  by  the  ASM.  The  common 


power  tools,  such  as  drill  motors  aiid  bench 
grinders,  are  described  in  Part  I  Section  2  of 
Took  and  Their  Uses,  NAVPERS  10085  (Series), 
Only  the  more  specialized  tools  and  equipment 
are  covered  in  this  section. 

ENGINE  TESTING  EQUIPMENT 

Satisfactory  perfo'rmartce  and  dependability 
are  what  every  equipment  operator  desires  most  ■ 
from  his  vehicle.  It  is  the  mechanics'  obligation, 
therefore,  to  perform  all  the  service  necessary  to 
insure  or  restore  this  performance  and 
dependability.  Each  time  you  are  confronted 
with  a  vehicle  against  which  an*  operator  has 
registered  a  performance  complaint,  you  muSt 
know  the  cause  of  the  difficulty  before 
determining  what,  corrective  measures  must  be 
taken.  In  most  shops,  the  Navy  provides 
accurate  and  dependable  test  equipment.  The 
proper  use  of  this  equipment  provides  the 
quickest  and  surest  means  of  finding  out  what  is 
wr6ng  and  where  the  fault  lies  with  the  vehicle 
operation. 

Tachometer 

A  tachometer  is  a  speed  indicating  device 
used  to  measure  the  rpms  (revolutions  per 
minute)  of  a  rotating  shaft.  Since  many  engine 
tests  arc  made  at  specified  engine  speeds,  you 
should  learn  how  to  use  a  tachometer. 

Tachometers  may  be  either  manually  or 
electrically  operated.  When  using  the  manual 
tachometer  on  a  shaft,  make  sure  the  shaft  turns 
the  same  speed  as  the  crankshaft  or  you  will  not 
get  an  accurate  reading  of  engine  rpms.  In  many 
instances  it  is  easy  to  take  tachometer  readings 
off  the  camshaft  or  fuel  pump  shaft.  On  4-cyclc 
engines  these  shafts  run  one-half  engine  speed. 
Consequently  any  tachometer  reading  taken 
from  these  shafts  must  be  doubled  to  get  the 
true  engine  rpm. 

A  manual  tachometer  (fig.  2-27)  is  used  by 
holding  its  tip  against  the  end  of  a  rotating  shaft. 
Make  sure  the  end  of  the  shaft  is  clean  and  that 
there  is  no  slippage  between  the  tip  of  the 
tachometer  and  the  shaft.  Read  the  speed 
directly   on   the   tachometer  dial,  which  is 
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Figure  2-27.~Manuany  operated  tachometer, 


calibrated  in  revolutions  per  minute.  No  timing 
is  necessary  as  variations  in  speed  will  be 
rcfleeted  by  mcvemcnt  of  the  pointer  on  the 
dial  during  the  test. 

Tfie  electrie  tachometer  is  connected  to  the 
ignition  primary  circuit  to  measure  the  number 
of  times  per  minute  the  primary  circuit  is 
interrupted.  It  then  translates  this  information 
into  engine  rpm. 

The  electric  tachometer  may  have  a  selector 
switch  on  it  that  can  be  turned  to  correspond 
with  the  number  of  lobes  on  the  distributor  cam. 
The  number  of  lobes  will  be  tlie  same  as  the 
number  of  cylinders  in  the  engine.  For  the 
proper  method  ,  of  hooking  up  an^l  using  the 
electric  tachometer,  check  the  manufacturer's 
instructions  for  the  tachometer  you  are  using. 

Compression  Tester . 

The  cylinder  compression  tester  (fig.  2-28)  is 
used  to  niea^sure  cylinder  pressure  in  psi  (pounds 
per  square  inch)  as  the  piston  moves  to  TDC 
(top  dead  center)  on  the  compression  stroke.     ^  3 


To  use  the  compression  tester,  remove  all 
the  spark  plugs  from  the,  engine.  Hold  or  screw 
the  tester  fitting  tightly  in  one  of  the  spark  plug 
holes.  Crank  the  engine  with  the  starting  motor 
until  it  makes  at  least  four  complete  revolutions. 
Notice  the  maximum  compression  as^indicated 
-by  the  needle  on  the  compression  tester  dial. 
Repeat  this  procedure  until  the  compression  has 
been  checked  on  all  cylinders  of  the  engine. 

The  compression  of  the  engine  must  meet 
the  manufacturer's  specifications  in  order  for 
the  engine  to  develop  rated  power.  This  means 
that  there 'must  be  no  leakage  in  the  cylinder. 
The  intake  and  exhaust  valves,  the  gaskets,  and 
piston  rings  must  all  function  properly  and  allow 
no  leakage  for  full  power  output.  An  engine 
with  low  compression  in'one  o>  more  cylinders 
will  have  uneven  power  strokes  which  result  in 
rough  operation,  and  in  a  proportionate 
reduction  in  performance. 

Cylinder  Leakage  Tester 

The  cylinder  leakage  tester  will,  when 
properly  used,  give  a  good  indication  of  the 
condition  oi  an  engine  cylinder.  This  tester  (fig. 
2-29)  applies  air  to  the  cylinder  at  controlled 
volume  and  pressure,  'and  measures  the 
percentage'  of  air  leakage.  Even  the  smallest  leak 
can  be  easily  detected. 
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Figure  2-28.— Cylinder  compression  tester. 
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It  is  normal  for  a  small  amount  of  air  to 
escape  past  ^.the  rings  into  the  crankcase. 
However,  any  leak  through  an  intake  valve,  an 
exhaust  valve,  head  gasket,  head,  block,  or 
excessive  leakage. past  the  rings,  indicates  trouble 
which  must'  be  corrected  before  satisfactory 
engine  performance  can  be  expected. 

To  use  the  cylinder  leakage  tester,  hook  it  to 
the  cylinder  as  recommended  by  the  equipment 
manufactureir.  Listen  for  escaping  air  through 
the  carburetor,  the  exhaust  or  tail  pipe,  and  the 
crankcase  filler  pipe.  Check  for  air  bubbles  in 
the  radiator. 

Vacuum  Gage 

The  vacuum  gage  (fig.  2-30)  provides  a 
means  of  testing  intake  manifold  vacuum, 
cranking  vacuum,  fuel  pump  vacuum,  and 
booster  pump  vacuum.-  Properly  used,  the 
vacuum  gage  will  indicate  if  other  tests  are 
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Figutie  2^29.— Cy Under  leakage  tester. 


Figure  2*30.-IVIahfi&id  vacuum  gage  cbnnection. 


necessary.  The  vacuum  gage  does  not  replace 
other  test  equipment,  but  rather  supplements  it, 
and  makes  a  diagnosis  of  engine  trouble  more 
conclusive. 

The  manifold  vacuum  test  provides  an 
overall  check  on  the  enginfe  condition  based  on 
comparison  of  reading  obtained  with  known 
standards  for  the  engine  being  tested.  Any  loss 
of  power  or  .efficiency  in  the  engine  will  affect 
the  manifold  vacuum  reading. 

Vacuum  gage  readings  are  usually  taken  with 
the  engine  running  and  must  be  accurate  to  be 
of  any  value\  Therefore,  when  connecting  the 
gage  to  the  intake  manifold,  be  sure  the 
connection  is  \  leakproof Also,  before  the 
connection  is  made,  make  sure  the  openings  to 
the  gage  and  intake  manifold  are  free  from  dirt 
, or  other  restrictions^ 

Experience  is  theVbest  guide  in  determining 
the  normal  vacuum  for  any  given  engine.  Normal 
manifold  vacuum  ranges,  from  15  to  22  inches 
on  various  .engines  when  the  test  is  being  made 
at  sea  level  pressures.  The  average  reading  will 
drop  approximately  1  inch  for  each  1 ,000  feet 
above  sea  level.  The  reading  obtained  is  the 
difference  between  normal  atmospheric  pressure 
and  the  reduced  pressure  within  the  mainfold  of 
the  running  engine.  Tliis  difference  in  pressure 
forces  the  air-fuel  (gasoline)  or  air  (diesel) 
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Figure  2-31,— Approximate  vacuum  gage  readings  on 
a  normal  operating  engine. 


mixture  into  the  cylinders.  For  this  reason,  any 
abnormal  vacuum  gage  reading  will  indicate 
improper  operation.  The  action  of  the  pointer 
on  the  gage  is  the  most  important -factor  in 
interpreting  the  reading  to  determine  the 
internal  trouble  of  the  engine.  /  . 

When  you  open  and  close  the  throttle 
suddenly,  the  va(^uum  reading,should  ffrst  drop 
to  about  2  inches  with  the  throttle  open  and 
then  come  back  to  a  high  of  about  24  inches 
before  settling  back  to  a  steady  18  inches  as  the 
engine  idles.  (See  fig.  2-31.)  This  is  normal  for 
an  engine  in  good  operating  condition.^-         *  • 

If  the  gage  reading  drops  to  around  15 
inches  at  a  running  speed  of  about  40  mph 
(miles  per  hour)  and  remains  there,  it  indicates 
compression  leaks  between  the  cylinder  walls 
and  the  piston  rings,  or  power  loss  caused  by 
incorrect  ignition  timing.  A  vacuum  gage  needle 
indicating  a  steady  10,  for  example,  usually 
means  that  the  valve  timing  of  the  engine  is 
incorrect.  Below  normal  readings  that  change 
slowly  between  two  positions,  such  as  14  t(  16 
inches,  could  point  to  41  number  of  troubios, 
which  might  te  any  of  the  following:  (1) 
improper  carburetor  idling  adjustments,  (2)> 
maladjusted  or  burned  breaker  points,  (3)  spark 
plugs  with  the  electro'des'set  too  close. 

A  sticking  valve  could  cause  the  gage  needle 
to  bounce  from  a  normal  steady  reading  to  a 
lower  reading  and  back  to  normal.  A  broken  or 
weak  valve  spring  would  cause  a  wide  variation 
of  the  needle  as  the  engine,  is  accelerated.  A 
loose  intake  manifoia,  or  a  leaking  gasket 
between  the  carburetor  and  manifold,  would 
show  a  steady  low  reading  on  the  vacuum  gage. 
(See  fig.  2-32.) 

You  ^niust  remember  that  manifold  vacuum 
tests  only  help  you  locate  trouble.  They  arc  not 
always  conclusive,  but  through  experience  and 
skill  and  correct  interpretation  of  the  readings, 
in  conjunction  with  the  compression  test  results, 
you  can  usually  diagnose  engine  behavior 
correctly. 

Exhaust  Gas  Analyzer 

Ah  exhaust  gas  analyzer  (combustion 
efficiency  tester)  checks  the  exhaust  gas  to 
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Figure  2-^.— Low.vacuum  gage  reading  indicating 
a  leak  in  the  intake  manifold. 


determine  what  percentage  of  the  gasoHne  has 
\  not  been  burned.  Combustion  efficiency  is  a 
very  reliable  indication  of  carburetor  system 
operation  on  a  mechanically  sound,  properly 
tuned  engine  with  a  good  ignition  system/  If 
your  shop  has  one  of  these  instruments,  learn  to 
use  it  .properly. 

Combustion  efficiency  is  tested  by  utilizing 
exhaust  gas  samples  picked  up  at  the  tailpipe  to 
determine^the  fuel  to  air  ratio.  This  information 
is  indicated' pn  an  electric  meter.  The  pointer  on 
the  meter  is.affected  by  the  amoulfit  of  hydrogen 
and  carbon  in  the  exhaust  gas  that  runs  througli 
^  the  analyzer.  Check  the  manufacturer's  manual 
for  the  equipment  you  are  using  to  interpret  the 
reading  on  the  meter  of  the  analyzer.  When  the 
readings  are  correctly  interpreted,  you  can  tell 
-whether  the  carburetor  needs  adjustment. 

Before  testing,  determine  ^  that  both 
compression  and  ignition  of  the  engine  to  be 
tested  are  in  good  condition,  and  that  the 
exhaust  system  does  not  leak.  Smoke  from  an 
engine  that  is  burning  oil  does  not  materially 
affect  the  accuracy  of  an  exhaust  analyzer 
during  the  test.  Repeated  use  of  a  combustion 
efficiency  tester  on  oil  burning  engines  will 
eventually  decrease  its  sensitivity  because  of  oil 
-fouling.  ' 
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Dynamometers 

«A  dynamometer  is  an  instrument  for 
measuring  the  horsepower  an  engine  develops. 
This  instrument  consists  of  a  resistance  creating 
device,  such  as  an  electric  armature  revolving  in 
a  magnetized  field.  A  paddle  wheel  revolving  in  a 
fluid  may  also  be  used  to  absorb  the  energy. 

An  engine  dynamometer  may  be  used  to  test 
an  engine  that  has'been  removed  from  the 
vehicle  it  drives.  If  the  engine  does  not  develop 
the  manufacturer's  recommended  horsepower 
^  and  torque  at  specific  rpms,  you  know  there  is 
need  for  further  adjlistments  and/or  repairs  on 
the  engine. 

The  chassis  dynamo'meter  (fig.  2-33)  is 
commonly  used  for  automotive  service,  since  it 
can  give  a  very  quick  report  on  engine 
conditions  by  measuring  output  at  various 
speeds  and  loads.  This  type  of  machine  is  very 
useful  in  shop  testing  and  adjusting  automatic 
transmissions. 

On  the  chassis  dynamometer,  the  driving 
wheels  of  the  vehicle  aie  placed  on  rollers.  The 
engine  drives  the  wheels  and  the  wheels  drive  the 
rollers.  By  loading  the  rollers  varying  amounts 
and  by  running  the  engine  at  different  rpms, 
nearly  all  norma)  driving  conditions  can  be 
.  simulated.  "The  tests  and  checks  can  be  made 
without  the  interference  6f  body  noises,  such  as 
you  would  have  when  checking  the  vehicle  on 
the  road. 

Be  sure  you  read  and  understand  the 
operator's  manual  on  the  dynamometer  before 
attempting  to  use  it.  The  machine  is  rather 
^  complex  and  can  be  damaged  by  improper 
handling;  like  all  equipment,  it  is  worthless  if 
not  in  workiiig  order. 

Ignition  Stroboscope 
(Timing  Light) 

r 

Later  in  this  manual  you  will  learn  how  the 
air-fuel  or  air  mixture  is  ignited.  For  the  present, 
it  is  enough  to  know  that  ignition  must  take 
place  at  the  proper  instant.  An  instrument  called 

^ 
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Figure  2-33. -Chassis  dyn?»riometer. 


an  ignition  timing  light  (fig.  2-34)  is  used  to. 
check  engine  timing  on  a  gasoline  engine.  A 
timing  liglit  is  basically  a  neon  light  powered  by 
the  battery  of  the  vehicle  being  tested.  The 
vehicle  being  timed  will  have  a  timing  mark  on 
the  flywheel  or  the  crankshaft  pulley.  A  timing 
pointer  is  fastened  to  some  stationary  part  of 
the  engine.  If  the  ignition  is  properly  timed,  the 
timing,  mark  will  line  up  with  the  fixed  pointer 
each  time  the  timer  flashes.  The  flash  occurs  the 
instant  the  spark  plug  from  cylinder  number  1 
fires.  Later  in  this  manual  you  wilHeam  more 
about  engine  timing.  - 


VALVn  RLt^AIR  EQUIPMENT 

Valve  repair  equipment  is  composed  of  an 
assortment  of  machine  tools  and  coniponents 
that  are  designed  for  reconditioning  valves  of 
internal  combustion  engines,  in  accordance  with- 
engine  manufacturer's  specifications. 
Reconditioning  valves  is  a  precision  job. 
Therefore,  if  you  arc  in  doubt  about  hew  to  use 
a  valve  repair  tool,  consult  the  equipment 
manufacturer's  'instructions  or  have  an 
experienced  mechanic  show  you.  In.  any  case, 
find  out   how  to  properly  use  valve  repair 
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equipment  before  trying  to  do  a  complete  valve 
job  by^yourself. 

"Valve  Refacer 

The  valve  refacing  machine  (fig.  2-35)  is  used 
to  remove'  small  pits  or  bums  from  the  valve 
..face.  This  is  accomplished  by  clamping  the  valve 
'stem  in^'the  Chuck  of  the  rpfacing  machine  and 
^  bringing  ^the  rotating  grinding  wheel  into  contact 
with  the  seating  face  of  the  valve. 


/•^^I  Valve  refacing  machines  have  attachments 
for  dressing.their  grinding  wheels,  truing  tappets, 

-  squaring  f  Valve  stems,  and  ifor.  grinding  valve 
rocker  arim  faCes. 


ZA2 


Figurt  2-^34.-Utlnt|  a  timfng  light. 


Valve  Seat  Grinder 

Valve  seat  grinding  equipmenf  (fig.  2-36) 
consists  of  a  driver,  pilots,  grinding  stones,^  a 
stone  dressing  stand /and  stone  sleeves. 

The  driver  provided  the  power  for  valve  seat 
grinding;  There  are  different  kinds  and  designs 
you  may  eticdunter,  but  one  popular  model. 


CHUCK  *SPINOU.  Kt^Oft 


SfECIAL  OfFSn 
OtSH  GMNOING  WHEEL 


SitOE  FEED  SCREW 
HANUL5 


HOUSING  FEED 
SCREW  HANOIE 
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Figure  2>35.— Valve  refacing  machine. 
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Figure  2-36.-Valv8  seat  grinding  equipment. 


employs  an  angular  head  design  to  permit  easier 
handling  in  confined  spaces.  Most  drivers 
incorporate  a  positive  vibrating  action,  which 
lifts  the  grinding  stone  from  the  seat  once  each 
revolution.  This  minimizes  stone  loading,  speeds 
up  grinding,  and  reduces  stone  wear. 

Most  valve  guide  pilots,  are  ^  of  the 
self-centering  type.  Their  function  is  to  provide 
a  rigill  axis  for  the  grinding  stone  sleeves,  so  that 
the  valve  seats  are  refaced  concentric  with  valve 
guides.  The  self-centenng  pilots  have  i  two 
machined  tapers-one  at  the  top  of  the  shank  to 
fit  the  top  of  the  valve  guide,  and  one  at  the 
bottom,  to  expand  a  split  sleeve  in  the  lower  end 
of  the  guide.  (See  fig.  2-37.)  To  select  the  proper 
size  pilot,  refer  .to  valve  guide  specifications  of 
the  engine  manufacturer.  49 
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Figure  2-37.-Self-centering  vaUe  guide  pilot. 


The  valve  seat  grinding  stone  sleeves  are 
attachrhents  that  fit  over  the  pilot.  They  are 
threaded  on  one  end  for  attaching  the  stone  (fig. 
2-38).  The  upper  end  has  a  socket  which  fonns  a 
universal  joint,  connection  with  the  end  of  the 
driver  spindie. 
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^  ^   .  2.30X 
Figure  2-38.-Valye  seiat  grinding  stone  sleeve. 


Valve  Spring  Compressor 

Valve  spring  compressor  isjhe  name  given  to 
the  tool  that  compresses  the  valve  spring  so  tftje 
retaining  locks  can  be  removed  f^om  the  valve 
stem.  Twd  types  of  valve  spring  compressors 
(fig.  2-40)  are.  generally  used  in  the  Navy.  The 
''C"  clamp  compressor  is  used  on  overhead  valve 
engines  and  has  a  screw -adjusting  post  that 
adapts  the  tool  to  various  valve  stem  lengths. 
The  Jaws  on  the  bottom  of  the  tool  are 
adjustable  to  the  valve  spring  diameters. 


Valve  seat  grinding  stones  are  made  in  three 
grades:  one  grade  is  for  the  average  cast  iron 
seats  found  in  most  engines;  anoUier  is  for  faster 
grinding  of  hard  steel,  stellite,  and  other  hard 
alloy  inserts;  a  third  is  for  "finish  grind"  on  all 
seats.  A  threaded  steel  bushing  is  cast  in  the 
center  of  each  stone  to  thread  on  the  stone 
sleeves. 

After  the  stones  arc  placed  on  the  stone 
sleeve,  they  should  be  dressed  on  the  stone 
dressing- stand  to  establish  a  true  angle  to  the 
pilot. 

Valve  Lapper 

The  final  process  involved  in  fitting  a  newly 
ground  valve  to  its  seat  consists  of  rotating  the 
valve  in  its  closed  position,  thus  rubbing  the-  valve 
seating  face  against  the  valve  seat.  This  is  called 
lapping,  and  is  done  with  a  valve  lapper.  Tools 
and  Their  Uses.  NAVPERS  10085  (Series), 
includes  an  illustrated  discussion  of  a  hand  driver 
valve  lapper. 

Valve  Spring  Tester 

A  valve  spring  tester  (fig.  2-34;  is  used  to 
test  valve  springs  for  proper  tension,  A  valve 
spring  that  is  too  weak  will  not  seat  the  valve 
properly  and  thus  cause  it  to  burn.  A  spring  that 
is  too  strong  will  cause  undue  wear  on  the  valve 
operating  mechanism.  The  engine 
manufacturer's  manual  will  give  the  proper 
tension  that  is  reqtlired  of  the  valve  springs.  Any 
valve  springs  that  do  not  have  the  proper  tension  ' 
or  are  warped  or  short,  should  be  discarded. 
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Figure  2-39.-VaIve  spring  tester. 
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SCREW  TYPE  VALVE  COMPRESSOR 


^      227.12  ^ 

Figure  2-40 .—VaWe  lifters  for  L-head  and. 
valve-in-head  engines. 

The   screw-type    valve  spring  compressor,,, 
shown  in  figure  2-40, is  generally  used  on  L-head 
engines  haying  straight  stemmed  valves.  Top  jaws 
adjust'to  various  spring  diameters. 

INJECTOR  NOZZLE  TESTER 

An  incorrect  nozzle  opening  pressure  or 
incori:ect  injector  pop  pressure  will  influence 
engine  efficiency  and  performance.  The  exact 
effect  will  \aiy  according  to  the  type  of 

'  combustion  space  served.  When  opening  pressure 
is  j^fcatcr  that  the  specified  value,  it  tends  to 
decrease  the  amount  of  fuel*  injected,  and  also 
tends  to  retard  the  start  of  injection.  A  low 
nozzle    opening    pressure    decreases  the 

.  atomization  of  the  fuel  at  lov//speeds,  and  ifi 
extreme  cases  will  cause  dribble.  It  also  ten^ds  to 
increase  the  amount  of  fuel  injected,  which  will 
cduse  a  smoky  exhaust  from  the  engine  cylinder 
affected.  The  best  protection  against  trouble 
from  this  source  is  a  periodic  check  of  the 
nozzle  or  injector  with  the  appropriate  tester. 
One  type  pf  test  stand  is  shown  in  fig.  2-4 1 .  Test 
stands  ^ill  vary,  depending  upon  '  the 
mpu^efurer,  but  all  operate  on  the  same 
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Fiaure  2-41.— Universal  test  stand. ' 


principle.  The  type  of  test  stand  illustrated  in^c 
figure  2-4^1      intended  primarily  for  activities 
doing  a  considerable  amount  of  nozzle  and 
injector  reconditioning  work. 

Tests  that  may  be  performed  on  this  type  of 
fixture  are:  spray  tip  orifice  test,  valve  opening 
pressure  test;  and  holding  pressure  test. 
Complete  details  on  test  procedures  should  be 
obtained  from  the  appropriate  fuel  injector 
equipment  maintenance  manual^ 

*  When  a  tester  is  used,  keep  in  mind  that  the 
penetrating  power  of  the  fuel  oil  spray  is 
sufficient  to  drive  oil  through  your  skin.  Since 
this  can  cause  blood  poisoning,  it  is  essential 
that  all  parts  of  the  body  be  kept  out  of  line  of 
the  fuel  spray. 

.SPARK  PLUG 
CLEANER  AND  TESTER 

A  spark  plug  cleaner  (fig.  2-42)  uses  air  and 
sand  to  sand  .blast  the  electrode  or  cylinder  end 
of  the  plug  free  of  carbon  deposits  and  other 
undesirable  material.  A  box-like  cover  encloses 
the  cleaning  and'  testing  equipment.  Air  is 
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connected  to  the.  cleaner  part.-This-air4)lasts4he 
sand  against  the  ^lug  to  clean  it.  The  plug  m\xst, 
be  rotated  to  insure  all  of  the  cylinder  end'  is 
thoroughly  cleaned.  The  plug^should  be  cleaned 
with  solvent  and  dried  before  ^Using  the«sand 
blaster.      '    ,  .  » 

■  After  cleaning,  the  plug  and  a  new  plug  are 
scr«)ved  into  the  tester  for  comparison  under 
pressure.  The  test  .comparison  chamber  has  a 
small  window  with  mirror  under  it  set  at  an' 
angle  so  oSfe  can  observe  the  spark  jumping  the 
electrodes.^  With  the  hfghrtension  lead. connected 
and  the  plug  firing,' the  pressure  is  raised' until, 
the  plug  stop3  fifing.  Then  the  pressure^vis 
decreased  until  the -plug  fires  steadily;  at  this 
I  point,  a  reading  of^  the  pressur^-  is  taken.  Tlie 
same  procedure  is  repeated  with  the  new  plug 
and  a  comparison  Ts  reached. 

SHOP  AIR  COMPRESSOR  ,  • 


CENTRIFUGAL  PRESSURE 
RELEASE 

ft  Hows  coBpressor  tQ  < 
run  free  untll^norail 
speed  is  attftlned 


PRESSURE  SWITCB 
stops  so tor  when 
■ULXlBUB  pressure 
Is  reached 


In  an  automotive  repair  shop,  an  air 
compressor  is  likely  to  be  similar,  to  the  one 
sho>yn  in  figure  2-43.  The  size*  of  an  air 
compressor  depends  on  th.e  number  of-^iir 
outlets  required  and  the  volmne  of  air  that  is 
used.  A  compressor  may  be  driven  by  an  electric 
nip  tor  or  by  a  gasoline  engine.  Permanent  shops 
normally  have  electrically  driven  compressors. 
Temporary   shops  at  advanced  bases,  where 
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Figure  2-42.-5park  plug  cleaner  and  tester. 
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Figure  2-43.— Shop  air  compressor. 


electric  generating  plants  hav^  not  been  set  Up, 
will  have  gasoline-driven  compressors.  A 
compressor  driven  by  gasoline  is  usually  placed 
outside  the  shop,  and  the  air  is  piped  in  through 
a  wall  or  window.  This  procedure-  helps  to  keep 
the  noise  and  the  exhaust  gasps  frorjfi  the  enginq 
out  of  the  shop. 

A  governor  or  automatic. controi  is  used  on 
all  shop  compressors.  It  is  usually  adjusted  to 
maintain  a  minimum  pressure  of  60  to  80  psi 
and  a  maximum  pressure  of.  100  psi.  The 
governor  controls  the^switch  of  a  compressor 
driven  by  an  electric  motor  and  tlie  unloader 
valve  of  an  engine-driven  compressor. 

LUBRICATING  EQUIPMENI 

Proper  application  'of  lubrication  is  one  of 
the  most  important  jobs  you  will  do.  It  insures 
maximum  equipment  life  at  the  lowest  possible 
operating  expense. 

Two  general  kinds  of  lubrication  equipment 
are   in   use:  ^and-operated  and  air-operated. 
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Fig^ire  2-44.- Hand-operated  grease  guns. 


Figure  2-44  shows  some  common  tjcpesof  hind 
operated  grease  guns.  Nearly*  all  pieces  of  heavy 
equipment  have  a  hand-operated  grease  gun  on 
them.  The  reason  is  that  the  operator  must 
lubricate  some;Qf  the  fittings  on  the  equipment 
daily.  Hand^  grease  guns  are  often  used  irt 
temporary'  shops  where  compi^ssed  air  is  hot 
available:  '  •  - 

Nearly  all  permanent  repair  shops 
throughout  the  Navy  have  -airK)p era teti 
lubricating  equipment.  It  may  be  either  portable 
or  stationary. 

Higure  2-45  shows  a  .  permanent  installation  ; 
of  lubricating  equipment.  High-pressure :  lines 
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cany  the ,  lubricants  from  containere  to  the 
lubricating  guns/The  guns  are  on  hqse  reels  that 
can  be  pulled  from  an  overhead  installation  to 
any.  place  on  the  vehicle.  Notice  in  figure  2-45 
that  there  are  fbur  outlets.  These  outlets  handle- 
chassis*  lubricant,  automatic  transmission  fluid, 
gear  lubricant,  and  air.  The  pumps,  located  on 
the  lubricant  contalners,-are  air-operated.  With 
an  installation  of  this  kind,  the  containers  can  be 
placed  in  some  out-of-the-way  place  in  the  ^shop 
The  portable  lube  units*(fig.  2-46)  may  be 
air-operated,  but  the  container  aAd  pump  are 


mounted  on  casters  and  can  be  rolled  to  the  job.  , 
'The  airhose  connects  directly  lo  the  pump  with 
a  quick  connection.  Some  portable  units  are* 
.  hand-operated  with  a  lever  action  pump. 

fhe  volume  pressure  bucket  pump  is 
designed  primarily  for  lubricating,  track  roller 
bearings  on  equipment.  Figure  2-47  shows  a  dual 
pressure  volume  pun^p.  Switch  Jhe  slot  pin  in 
tlie  handle  for  high-pressure  (approximately 
5,000  psi)  or  low-pressure  (approximately  2,000 
psi)  delivery.  The  container  for  this  pump  holds 
.  40  pounds  of  lubricant  and  is  filled  through  a 
large  opening  in  the  top.  Both  liquid  lubricants 
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Figure  2>46.- Portable  air-operated  lubricating 
equipment. 
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Figure  2-47.— Volume  pressure  bucKfetpump.  ' 
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and'  heavy  greases  can  be  dispensed  by  most 
voluii^e  pressure  bucket  pumps. 

Various  nozzle  extensions  are  available  for 
both  hand-  and  air-operated  grease  guns^jay 
changing  nozzles  and  extensjons,  all-^types  of 
lubricating  fittings  can  be  serviced. 

PRESSES 

Presses  are  used  for  pressing  bearings, 
bushings,  *gears,  and  other  objects  into  and  out 
of  castings,  or  for  other  work  which  requires  a 
large  pressure  in  a  concentrated  area.  Presses 


may  be  (^ither  gear,  hydraulic- 'OrAijCHopenrTeHT 
Most  presses  are  mounted  statio;pi'ary  to  a  bench 
or  t,^  (he  noorrccfnsequently/tdi  work  must  be 
'  'judit  to  them. 

' '  0  draulic  press  shq\yn  in  figure  2-48  is  a 
Kirv  tloor-mounted  model  that  will  handle 
uquiring  up  to  60  tons  of  pressure.  A 
tcai  operated  arbor  pre^s  is  located  at  the  left 
side  of  the  machine  for  work  Requiring  not  more 
than  3  tonjs' pressure.  The  hydraulic'  press  is 
controlled'1)y  a  series  of  valves  and  levers,  which 
are-opefated  by  hand.  A  pre.ssure  gage,  mounted^ 
on  top  of  the  press,  registers  the  amount  of 
pressure  applied  to  the  work. 

4 


PRESSURE  GAGE  - 


RELEASE  VALVE 


3 -TON  RACK  AND 
i  ARBOR  PRESS 


PUMP  LEVERS 


Figure  2-48.— Hydraulic  and  arbor  press. 
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Figure  2-49. -Bearing,  bushing,  and  gear  pullers. 
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PULLERS 

,  PiL^^^*i*s  are   designed  to  facilitate  pulling 

operations  such  as  removing  bearings,  gears, 
wheels,  pulleys,  sheaves,  bushings,  cylinder 
sleeves,  shafts,  and  other  closefitting  parts. 

UNIVERSAL  GEAR  PULLERS  (fig.  2-49) 
arc  usually  of  yoke  and  screw  construction  with 
two  jaws.  The  jaws  have  from  0  to  14  inches 
diameter  capacity,  and  have  a  re?  ch  from  3  to 
16  inches. 

UNIVERSAL  BEARING  AND  BUSHING 
PULLER,  (fig.  2-49)  has^-a  pulling  capacity  of  1 
1/4  inches.  T1k\  larger  jaws  are  designed  to 
remove  bronze  or  oilite  bushings  without 
crumbling  them.  The  small  jaws  will  'jlutch  pilot 
bearings.  The  puller  consists  of  a  U-shaped  body, 
a  jaw  holder,  two  large  jaws,  two  small  jaws,  two 
jaw  pins,  and  a  pressure,  screw  with  slide  bar. 

BATTERY  TBRMINAL  AND  SMALL 
GEAR. PULLER  (fig.\  12-49)  is  of  the  screw-type 
and  is  capable  of  use  in  close  quarters.  Besides 
pulling  battery  terminals,  it  is  used  fo^till  small 
gears,  bearings,  and  soiforth. 

STEERING  GEAR  ARM  PULLER  (fig. 
2-49)  can  also  be  used  for  a  wide  variety  of  jobs. 
The  clamp  locks  the  puller  on  the  arm,  leaving 
both,  hands  free  for  the  actual  pulling  operation. 

-  PUSH  AND  PULL  PULLER  SET  (fig.  2-50) 
is   used   in.  conjunction   with   a   number  of 


attachments  and  adapters,- The  push  and  pull 
puller  consists  of  a  13  1/2-inch  steel  slotted  bar 
to  receive  two  legs.  A  pressure  screw  in  the 
center  of  the  bar  is  13  . inches  long,  having  a 
diameter  of  1  inch  and  threaded.  This  puller  is 
universal  and  versatile  with  the  use  of  beanng 
pulling  attachment,  bearing  cup  puliing 
attachment,  sheave  puller  attachment,  threaded 
adapters,  step  plate  adapters,  additional  legs,  and 
many  other  special  ""adapters.  This  puller  is 
capable  of  removing  or  replacing  bearings,  gears, 
pinions,  pulleys,  wheels,  and  bushings,  and  has 
many  other  uses.  .  ' 

A  UNIVERSAL-TYPE  STEERING  WHEEL 
PULLER  is  shown  in  figua*  2-51  .  The  complete 
set  consists  c^oll  the  units  necessary  for  removal 
of  steering  wl..-cls  from  all  cars  and  trucks  from 
early  Jiiodels  up  to  the  present. 

UNIVERSAL  WHEEL  PULLER  SET  (fig. 
2-5  1)  consists  of  a  body  t-iid  drive  assembly  that 
receives  either  three  long  jaws,  three  short  jaws, 
or  a  special  grooved  hub  set  for  Ford  passenger 
cars.  The  interchangeable  jaws  piVqt  and  swing 
to  any  desired  bolt  circle.  Tapered/^and  right- 
and  left-hand  threaded  stud  nuts  complete  the 
set,  all  of  which  are  carried  in  a  metal  ca.se.  It  is 
capable  of  pulling  any  demountable  wheel  hub 
for  any  passenger  car  and  most  lightweight 
trucks.  A  chain-type  wheel  puller  also  is 
available  that  has  a  1-ton  pulling  capacity  (not 
illu.strated).  * 

UNIVERSAL  CYLINDER  SLHEVH 
PULLER  (fig.  2-^:2)  will  pull  the  cylinder  sleeves 
on  more  than  200  makes  iiud  models  of  trucks 
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and  tractors.  It  is  adjustable  to  provide  clearance 
regardless  of  the  -position  of  the  cylinder  studs 
and  to  simplifV  centering  the  tool  over  the  bore. 
This  puller  is;  used  in  conjunction  with  four 
adapter  plate^  supplied  with  the  puller.  The 
combination  is  capable  of  pulling  cylinder 
sleeves  4  1/4,  4  1/2,  4  3/4,  and  5  3/4  inches  in 
diameter.  \ 

.  SLIDE  HAMMER  PULI  E^^  SET  (fig.  2-53) 
is  a  universal-type  puller  c^uinped  with  a  two- 
and  three-way  yoke,  and  thicc  medium  jaws  for 
outside  pulls  and  two  small  jaws  for  inside 
pulling.  The  small  jaws  can  be  inserted  through  ^ 
1/2-inch  opening.  The  capacity  of  the  medium 
jaws  is  2  1/4  inches.  The  slide  hammer  puller 
also  is  equipped  with  a  locking  feature  which 
holds  the  jaws  open  or  locks  them  on  the  work. 


A  COTTER  PIN  PULLER  (fig.  2-53)  is  used 
to  install  or  to  remove  cotter  pins.  It  is  an 
S-shaped  tool,  about  7  inches  long.  One  end  is 
inserted  through  the  cotter  pins  for  extracting, 
and  the  other  end  is  used  for  spreading  the 
.  cotter  pin.  The  shank  is  beveled  square  for  easy 
handling  anc' i^vm  grip. 

Use  of  Pullers 

Because  pullers  are  ascd  in  nearly  the  same 
way  regardless  of  whether  :  ic\  ^re  to  be  used  on 
e  agin  e  s ,  t  r  a  n  s  m  ission ,  m  chassis,  som^ 
representative  pulling  situations*  will  'be, 
explained-in  this  chapter. 

When  using  any  puller,  place  it  firmly  in 
position  and  secure  it  if  locking  devices  are  part 
of  the  puller.  Make  certain  the  puller  will  not 
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Figure  2-50.— Push  and  pull  puller  set. 
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slip  off  sud&^y  while  under  strain.  Check  all 
gripping  edges  and  threads  of  a  puller  for 
damage  before  using  it.  Use  the  proper  size 
wrench  for  turning  the  pressure  screw  or  nut  to 
avoid  rounding  the  corners  of  the  nut  or  of  the 
screwhead.  Use  the  .  proper  size  puller  for  the 
job. 

The  universal  push  and  puller  set  is  probably 
the  best  all-around  puller  combination  available. 


Several  combinations  of  its  components  are 
discussed  and  illustrated. 

Figure  2-54  shows  a  combination  of  the 
push  and  pull  puller  and  the  bearing  cup  pulling 
attachment  used  to  remove  a  bearing  cup  from  a 
cage.  The  same  combination  is  used  to  install  it 
back  in  the  cage,  as  shown  in  figure  2-55. 

To  pull  a  camshaft  gear,  use  the  push  and 
pull   puller,  with  9   1/2-inch  legs  with  two 
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5  '16'N.C.  WITH 
NTUTS  AND  WASHERS 


Figure  2-51.— Steering  wheel  and  wheel  pullers. 
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EXTENSION— 
13-3/4  IN.  ' 
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Figure  2-52.— Cylinder  sleeve  puller. 
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Figure  2-53. -Slide  hammer  puller  set  and 
cotter  pin  puller. 
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BEARING 


B£A^^l^s;r.  CU^ 


CAGE  .         pull:ng  attaChv.enjt 
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Figure  2-54. -Removing  bearing  cup. 


adapters  as  shown  in  figure  2-56.  Here  the 
camshaft  gear  is  being  removed  witliout 
aMTioving  the  camshaft  from  the  engine.  A 
protective  plate  should  be  used  under  tlie 
forcing  screw  to  protect  the  end  of  the 
camshaft. 
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81.33 

Figure  2-55.— Installing  bearing  cup. 


Figure  2-57  illustrates  the  use  cf  the  bearing  _ 
pulling  attachment  and  a  pair  of  forcing  bolts 
used  to  remove  a  bevel  pinion  shaft  from  a 
transmission  case.  The  forcing  bolts  bear  ugaipst 
the  case  and  force  the  pinion  shaft  out.  Tighten 
forcing  bolts  alternately  to  obtain  a  uniform 
even  pull  to  prevent  cocking. 

In  figure  2-58  a  roller  bearing  assembly  is 
being  removed  from  a  transmission  shaft  with  a 
combination  of  the  bearing  pulling  attachment 
and  the  push  and  pull  puller. 


81,34 

Figure  2-56.— Pulling  a  camshaft  gear. 


The  steering  wheel  puller  set  (fig.  2-511 
bandies  the  job  of  pulling  the  steering  wheels  on 
all  cars  arid  trucks.  The  yoke  puller  and  its 
related  parts  are  used  to  pull  the  newer  models, 
since  they  have  tapped  wheel  hubs.  The  fork 
puller  and  its  related  parts  are  used  on  older 
models.  The  pressure  screw  in  the  frame  puller  is 


^  81.35 
Figure  2-57.— Pulling  a  bevel  gear  pinion  shaft. 

BEARING  PULLING  ^  • 


81.36 

Figure  2-58.— PuMing  a  bearing. 
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threaded  its  entire  length  and  works  througli  a 
key.  The  narrow  fork  has  a  brass  insert  and  the 
wide-  fork  has  rubber  sleeves  to  protect  the 
steering  cx)lumn.  Adapters  protect  the  shaft 
from  damaige.  Figure  2-59  illustrates  the  use  of 
the  wide  fprk  and  frame  puller  on  older  type 
hubs  and  the  yoke  puller  removing  a  late  model 
steering  wheel. 

The  cylinder  sleeve  puller  (fig.  2-52)  is 
adjustable  to  provide  clearance  regardless  of  the 
number  or  position  of  the  cylinder  head  studs, 
and  to  accurately  center  the  tool  over  the  bore 
(fig.  2-60).  Four  adapter  plates  are  supplied  with 
the  puller  set  which  cover  sleeves  from  4  1/4  to 
5  3/4  inches  in  diameter.  The  ;  adapter  is 
positioned  so  that  the  cylinder  sleeve  rests  on 
the  edges  of  the  adapter.  The  puller  swivel 
assembly  is.  inserted  from^he  top  arid  screwed 
into  the  adapter.  By  tightening  the  forcing 
screw,  a  steady  force  is  applied  which  will  pu!l 
the  sleeve  out  of  the  cylinder. 


A -WIDE  FORK  AND  FRAME  USED 
ON  OLDER  TYPE  HUBS 


B-YOKE  AND  SCREW  ASSEMBLY 
USED  ON' LATE  MODEL  HUBS 


81.37 

Figure  2-59. -Using  steering  wheel  puller^set. 


Care  of  Pulleis 

Keep  pullers  H^lcan  at  all  times.  Grease  or  oil 
on  the  gripping  edges  will  make  the  tool  slip.^ 
Clean  all  pullers  after  use  and  store  them  so  that 
the  threads  and  gripping  edges  will  not  become 
damaged.  Make  certain  all  attachments  and 
adapters  are  stored  with  the  basic  puller  and  do 
not  become  separated. 

SPECIFICATIONS 

In  your  work  around  the  shop,  you  will 
often  hear  the  term  "specifications"  or  **specs.*' 
Specifications  refer  to  the  measurements  of  the 
parts  of  a  vehicle.  For  instance,  an  automobile 
manufacturer'?  shop  manual  may  specify  that 
the  piston-ring  gap  should  be  .002  inch,  or  that 
intake  valve  stem  to  bore  clearance  should  be 
.001, to  .003  inch. 


81.38 

Figure  2-60.-Using  a  cylinder  sleeve  puller. 
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.  When  you  notice  that  a  measurement  is  off, 
you  will  usually  have  to  make  an 'adjustment  or 
repair.  Always  consult  the  shop  manual 
applicable  to  each  vehicle  to  obtain  the 
manufacturer's  specifications. 

POWER  TOOLS 

Power  tools  are  very  useful  to  the  mechanic 
iand  lighten  his  work  by  using  electricity  and  air 
to  perform  fatiguing  and  tirne-cotisuming  jobs. 
These  electric  and  pneumatic  tools  include 
impact  wrenches— used  to  tighten  or  loosen  nuts, 
bolts,  and  screws,  and  drills—used  to  drill  holes 
in  wood. or  metal.  These  power  tools  and  other 
power  tools  are  covered  in  Part  I,  Section  2  of 
Tools  and  Their  Uses,  NAVPERS  10085  (Series). 


LIFTING  DEVICES 


J.4CKS 


Jacks  are  used  to  raise  or  lower  heavy  loads 
short  distances.  Some  jacks  are  Use^  for  pushing 
and  pulling  operations,  or  for  spreading  and 
clamping. 

Jacks  are  available  in  capacities  from  1  1/2. 
to  1 00  tons.  Small  capacity  jacks  are  generally 
operated  through  a  rack  bar  or  screw^  while 
those  of  large  capacity  are  usually  operated 
hydtaulically. 

The  vertical  screw  jack  (fig.  2-61)  is  operated 
by  han^i  through  a  collapsible  handle  which  is 
inserted  in  a  socket.  The  screw  moves  up  or 
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Figure  2-61  .-Mechanical  screvyjacks. 


down,  depending  on  the  direction  of  rotation  in 
'which  the  handle  is  turned.  Some  of  these  jacks 
are  equipped  with  a  ratchet  for  automatic 
lowering.  Mechanical  screwjacks  come  in  several 
capacities  having  different  contracted  and 
extended  heights.  Another  type  of  screwjack  is 
called  an  outrigger  jack.  It  is  equipped  with  end 
fittings  which  permit  pulling  parts  together  or 
pushing  them  apart. 

A  vertical  hydraulic  jack  (fig.  2-62)  operates 
througli  pressure  applied  to  one  side  of  a 
hydraulic  cylinder  which  moves  the  jackhead. 
These  jacks  arc  automatically  lowered  or 
released'  by  releasing  the  pressure.  Vertical 
hydraulic  jacks  come  in  different  capacities  from 
3  to  100  tons  and  have  different  extended 
heights. 

^CONTROL 
VAIVE 


Figure  2'62.— Hydraulic  jacks. 
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A  .  push-pull  hydraulic  jti.-k  (fig.  2-62) 
consists  of  a  pump  and  ram  connected  by  a 
hydraulic  or  oil  hose.  Jacks  of  this  type  are  rated 
at  2-,  7-,  20-,  30-,  and  100-ton  capacities  and 
have  diversified  applications. 

The  vertical  jacks  are  used  to  lift  one  side  of 
or  the  end  of  a  vehicle' to  permit  rcYnoval  of  the 
wheel  or  tires  or  to  effect  repairs  that  v/ould  not 
be  possible  with  the  vehicle  standing  on  its 
wheels,  the  jack  can  be  used  on  each. side 
alternately  by  jacking  one  side  of  the  vehicle  up, 
tlien  blocking  it  and  moving  the  jack  to  the 
other  side,  and  then  continuing  this  operation 
until  the  vehicle  has  been  raised  to  the  desired 
height.     .  - 

Jacks  may  also  be  used  to  raise  heavy  crates, 
small  buildings,  or  other  items  too  heavy  to  be 
raised  by  prying  with  wrecking  bars,  It  is 
essential  that  the  jack  be  placed  on  solid  ground 
or  on  planks  to  spread  the  weight  so  that  it  will 
not  give  way  or  tip  when  being  used. 

The  push-pull  hydraulic  ja,cks  are  furnished 
with  an  assortment  of  attachments  that  enable 
you  to  perform  countless  pushing,  pulling, 
lifting,  pressing,  bending,  spreading,  and 
clamping  operations.  The  pump  is 
hand-operated.  Simply  turn  the  control  valve  on 
the  side  of  the  pump  clockwise,  stroke  the  hand 
lever  up  and  down,  and  the  ram  \vill  extend.  The 
flexible  hydraulic  hose  allows  you  to  operate  the 
ram  in  any  desired,  position  and  from  a  safe 
distance.  The  ram  retracts  automatScally  by 
turning  the  control  valve  counterclockwise. 

Keep  fingers  'away  from  all  moving  parts 
when  jacking  up  vehicles,  and  make  certain  no 
one  is  under  the  vehicle  to  be  raised.  Place 
blocking  or  other  supports  under  the  vehicle 
when  it  is  raised  to  the  desired  height  to  prevent 
.  it  from  dropping  if  the  jack  fails.  Before  using 
them,  make  certain  that  hydraulic  jacks  are 
filled  with  oil  and  that  there  are  no\visible  oil 
leaks. 

CHAIN  HOIST 

Chain  hoists  provide  a  convenient  means  for 
hoisting  heavy  objects.  When  a  chain  hoist  is 
used,  -the  load  can  remain  stationary  without 
requiring  attention.  The  slow  lifting  travel  is 


especially  advantageous  when  removing  an 
engine  from  a  vehicle.  -It  permits  small 
movements,  accurate  adjustments  of  height,  and 
cautious  handling  of  loads.  /  . 

Chain  hoists  differ  widely  in  their 
mechanical  advantage,  depending  upon  theii 
i^ted  capacity.  Three  types  generally  used  for 
vertical  hoisting  operations  are  the  differential 
'  chaip  hoist,  the  spur  gear  hoist,  and  the^screw 
gear  hoist. 

The  SPUR  GEAR  HOIST  (fig.  2-63)  is  best 
for  ordinary  operation^  that  require  frequent  use 
of  a  hoist  and  where  a  minimum  number  of  men 
are  available  to  operate  it.  The  spur  gear  hoist  is 
about  85  percent  efficient.  In  other  words, 
about  85  percent  of  the  energy'  exerted  by  you 
is  converted  into  useful  work  for  lifting  the  load. 
The  remaining  15  percent  of  the  energy  is  spent 
in  overcoming  friction  in  the  gears,  bearings, 
chains,  and  so  forth. 

The  SCREW  GEAR -  ITOIST  is  often 
satisfactory  in  operations  that  require  less 
frequent  use  of  a  hoist.  This  type  of  hoist  is  about 
50  percent  efficient.  The  DIFFERENTIAL 
HOIST  is  suitable  for  light  loads  and  where  only 
occasional  use  of  the  hoist  is  involved.  This  hoist 
is  only  about  35  percent  efficient. 

V  r^^the  load  capacity  of  a  chain  hoist  is  stanp.  cd 
on  the  shell,  of  the  upper  block.  The  rated  load 
-capacity  of  hoists  run:^  from  1/2  ton  upward. 

The  lower  hook  is  usually  the  weakest  part 
in  the  assembly  of  a  chain  hoist  .  This  is  intended 
as  a  safety  measure  so  that  the  hook  will  start  to 
spread  open  if  overloaded.  Thus,  close 
observance  is  necessary  to  detect  any  sign  of 
ovej-loading  in  time  to  prevent  damage. 

■) 

Before  using  a  chain  hoist,  inspect  it  to 
insure  safe  operation.  A  hook  that  shows  signs 
of  spreading  or  excessive  wear  should  « be 
replaced.  If  links  in  the  chain  are  distorted,  the 
chain  hoist  has  probably  been  overloaded.  In 
any  case,  make  sure  the  hoist  is  in  good  repair 
before  attempting  to  lift  a  load. 

"  ~      Al way  s~b'e  we"tlTe^.ai^ 

'  from  a  support  that  will  support  the  load  you 
\  are  going  to  lift.  Also  insure  that  the  method  of 
\    fastening  the  chain  hoist  to  the  support  is 

\  adequate. . 
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BLOCK  AND  TACKLE 

'■    •        '    '    '  \  ■(  .  ... 
The  use  of  block  and  tackle  is  explained  in 

chapter  2  of  ffa^ic  Machinef^N Ay?ER§  10624' 

(Series).  When  using  block  and  tackle  to  remove 

an  engine  or  lih  a  heavy  Iqad  be  sure  the  rope 

;and  the  blocks' are  in  good  ^tondition  and  heavy 

enough  to  lift  the; proposed/ load.  Provision  must 

be  made  to  tie  die  rope/  to  an  object  heavy 

enough  to  hold  the  load  lifted  if  it  is  desired  to 

,  hold  the  load  stationary  fb"r  any  length  of  time. 

Tension  on  the  rope  or/ blocks  should  not  be 

maintained  for  long  periods  as  the  rope^may  be 

permanently  damaged. 

SHOP  PRACTICE  AND  SAFETY 

WORKING  WITH  TOOLS 

The  practices  followed  in  a  shop  with 
respect  tp  ,  work  habits  and  safety  largely 
determine  how  effectively  the  shop  operates.  ' 
Tools  and  equipment  can  never  be  more 
efficient  than  the  person  using  them.  As  a  petty 
officer,  remember  that  you  are  responsible^^not 
only  for  your  own  safety  and  work  habits,  but 
also  for  the  men  assigned  to  you. 

When  you  are  assigned  a  job,  lay  out 
beforehand  the  handtools  to  be  used.  Work 
quietly  and  give  full  attention  to  the  work.  Do 
not  scatter  tools  about,  and  keep  them  out  of 
aTsle  spaces  where  they  might  be  stumbled  over. 
Keep  your  tools  clean;  always,  wipe  off  any 
grease  or  dirt  after  using  them.  Use  the  proper 
tools  for  each  job;  never  fall  into  the  habit  of 
using  a  tool  for  a  job  for 'which  it  was  qot 
intended.       ,  - 

-  Misuse  of  tools  may  damage  them  or  the 
equipment  you  are  working  on  and  jnay  cause 
injury  to  you  or  to  others.  Exercise  great  care 
-when  working  with  power-driven  tools  and 
machines.  Keep  hands  away  from  rotating  parts 
of  a  machine,  and  always  shut  off  a  machine 
when  it  is  necessary  to  make  any  adjustment'to 
the  work  on  the  machine,  pr  to  the  machine 
itself.  • 


29,187 


SAFETY  I 

Personal  safety  :ih  shop  work  cannot  be 
ovcr-t^niphasized.  A  few  points  on  safety  have 


■(. 


Figure  2-63.— Spur  gear  chain  hoist. 
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been  mentioned  in  the  previous  sectioh.  The 
following  additional  points  are  particularly 
important. 

^  Wear  gloves,  goggles,  and  other  protective 
devices  as  the  job  requires.  Because  of  the 
danger  of  flying  particles,  it  is  especially 
important  to  wear'goggles  when  you  are  grinding 
or  are  using'compressed  ail".      '  \ 

When  you  are  repairing  vehicles,  block  thgin 
with  sturdy  wooden*  timbers.  If  ymAare  using 
jacks  or  hoists,  be  sure  that  they  center  or 
support  the  vehicle  properly.  Critical,  or  even 
fatal,  injuries,  as  well  as  badly  damaged  vehicles, 
can  result  from  the  improper. use  of  hoisting  and 
jacking  equipment. 

Be  extremely  careful  when  working  around 
gasoline.  Repair  any  vehicle  which  is  leaking 
gasohne  as  soon  as  possible,  and.do  not  start  the 
vehicle  engine  until  the  leak  is  corrected.  Use 
only  spark-proof  tools  v\^ien  you  are  working  on 
gasoline  lines. 

If  gasoline  or  other  flammable  liquid  is 
spilled  on  the  shop  flogr,  cover  the  spots  with 
sweeping  compound  and  let  the  compound 
absort)  the  liquid  before  sweeping  it  up.  If  you 
must  wipe  up  gasoline,  always  discard  the  cloth 
or  rags  that  you  use.  Put  them. in  containers  with 
lids  in  order  to  guard  against  spontaneous 
combustion. 

If  there  is  a  strong  odor  of  gasoline  in  the^^ 
shop,  turn  on  an  exhaust  fan  or  throw  open  all 
doors  and  windows.  Gasoline  vapors  can  be 
ignited  from  a  spark  or  by  static  electricity. 
Keep  all  gasoline  containers  sealed  when  they 
are  not  in  use.  -  ^ 

All  portable  power  tools  should  be  carefully ' 
inspected  before  using  to  insure  that  they  are 
clean  and  in  the  proper  state  of  repair.  On 
electrically  driven  tools  the  switches  should 
operate  normally,  cords  should  be  defect-free, 
and'the  tool  should  be  properly  grounded.  When 
paparing  to  use  any  power  tool  lay  out  the 
cord,  hose,  or  cable  so  it  will  not  be  run  over  or 
constitute  a  tripping  hazard  or  come  in  contact 


with  a  sharp  object.  Do  not  allow  any  kinks  to 
form.  Power  tool  cords,  hoses,  and  cables  should 
not  be  permitted;  to  come  in  contact  with  oil, 
grease,,  hot  surfaces,  or.  chemicals.  When 
damaged  they  should  be  replaced,  not  patched 
with  tape. 

Some  powered  tools  use  compressed  air  for 
power.  Compressed  air  must  be  cla  sified  as  a 
possible  hazard.  Workers  have  received  eye 
injuries  because  an  airhose  caused  dust  to  be 
blown  into  their  eyes  with  enough  force  to'cause 
serious  damage.  When  connecting  the  airhose  to  * 
the  tool,  be  sure  the  hose  is  firmly  locked  to  the 
tpol.  Always  use  goggles  over, the  eyes. when 
using  compressed  air  for  cleaning  or  drying  a 
part.  A  jet  of  ^compressed,  air  striking  the 
exppsed  body,  from  close  range,  can  cause 
serious  bruises  and  possibly  internal 
hemorrhaging.  Use  compressed  air  only  for  its 
intended  purpose. 

Unless  the  shop  has  areas  marked  ojFfJ'or 
smoking,  do  not  smoke  wHle  on  duf^'fn^Ke' 
shop.  Even  shop  policy  doe&  allow  smoking  in 
restricted  areas,  it  is  better  to  do  your  smoking 
outdoors,  if  weather  permits. 

Your  shop   will   have   a   list   of  safety 
regulations  posted.  Study  these  regulations  until  ■ 
you  are  thoroughly  familiar  with  them. 

The  safety  practice  of  keeping  tools  in  good 
working  condition  and  using  the  correct  tool  for 
the  job  cannot  be  overemphasized.  When  you 
see  a  mechanic  with  many  nicks',  scratches,  cuts, 
and/or  bruises  on  his  hands,  y6u  are  looking  f  a 
careless  worker.  Train  yourself  to  eliminate 
carelessness  and  to  be  a  cautious  worker.  By 
replacing  each  tool  in  the  proper  place  in  the 
toolbox  when  finished  with  it  you  can 
determine  that  all  tools  have  been  returned  to 
the  toolbox  from  the  last  job  by  taking  a  quick 
check  of  the  toolbox.  This  is  necessary  to 
prevent  loose  tools  from  being  left  in  or  around 
the  engine  where  they  can  cause  considerable 
damage  and  can  become  a  safety  hazard; 
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CHAPTERS 

aviAtion  support  equipment 


Ground  support  equipment  has  become  as 
important  to  the  assigned  mission  of  naval 
aviation  activities  as  the  aircraft  itself.  Many 
different  types  of  support  equipment  are 
required  for  handling,  servicing,  loading,  testing, 
and  maintaining  aircraft.  The  majority  of  this 
equipment  is '  utilized  in  direct  support  of  the 
aircraft;  therefore,? the  aircraft  squadron  is  one 
.  of  its  principal  users.  Another  principal  user  of 
^certain  types  of  support  equipment  is  the  Air 
Department  aboard  aircraft  carriers.  Withjji  this 
department,  personnel  of  the  flight  deck  and 
hangar  deck-aircraft  handling,  crews  utilize  such 
aircraft  handling  equipment  as  tow  tractors  and 
spotting  dollies.  In  addition,  personnel  of  the- 
Aircraft  Crash,  Fire,  and  Rescue  crews  utilize 
such  equipment  as  the  MB-5  aircraft  firefighting 
and  rescue  truck.  These  users  depend  upon 
personnel  of  the  Aviation  Support  Equipment 
Technician  rating,  who  are  normally  ac:,igned  to 
Intermediate  maintenance  activities,  for  the 
maintenance  of  this  equipment. 

■  /  • 

'    r  - 

Support  equipment  is  usually  operated  by 
personnel  of  the  using  activity.  l§ince  such 
■activities  as  aircraft  squadrons  and  carrier  Air 
(  Departments  are  the  principal  users,  the 
equipment  is  usually  operated  by  personnd_'of 
ratings  other  than  AS.  In  addition,  maintenance 
such  as  servicing  and  performing  preoperational 
inspections,  is  frequently  accomplished  by 
personnel  of  these  using  activities.  Thus,  the  AS 
rating  is  concerned  primarily  with  major 
inspections  and  repair.  However,  this  does  not 
mean  that  personnel  of  the  AS  rating  are 
relieved  of  all  responsibilities  concerning  the 
operation  and  servicing  of  the  equipment.  In 
fact,  the  ASM  as  well  as  the  ASE  and  ASH, 
should  be  experts  in  these  procedures.  To. 


effectively  perform  ^all.  .^phases  of 
maintenance— inspcicting,  troubleshooting, 
repairing,  testiirig,  etc.-the  ASK^  must 
understand  .  thoroughly  the  operation  of  the 
equipment.  This  is  especially  important  when 
troubleshooting  malfunctions  and  testing 
equipfnent. 

In  addition,  the  ASM  is  frequently  called, 
upon  to  check  out  squadron  personnel  in  the 
operation  and",  servicing  of  certain  types  of 
equipment.  Several  types  of  support  equipment 
require  licensed  of)erators.*  The  procedures  for 
training,  testing,  and  licensing  of  these  operators 
are  also  responsibilities  of  the  Aviation  Support 
Equipment  Technician  rating. 

Obviously^  it  is  impossible  to  relate  detailed 
operating  procedures  for  all  types  of  support 
equipment  in  the  scope  of  this  training  manual. 
Examples  are  given  on  some  of  the  equipment 
described  in  this  chapter.  It  must  be  emphasized, 
however,  that  this  is  a\. training  manual  for 
support  equipment  in  general  and  that  the 
applicable  Operation  and  Service  Instructions 
for  a  specific  item  of  equipment  must  \)C 
consulted  for  the  correct  operating  and  servicing 
procedures.  .  .  ■  ^ 


TYPES  OF  GROUND 
SUPPORT  EQUIPMENt 

For  the  purpose  of  maintenance  functions 
and  responsibilities,  ground  support  equipment 
is  classified  into,  five  major  caiegcries. 

1 .  Avionics  support  equipment. 

2.  Gasolin<\  electric,  and  diesel  powered, 
servicing  equi;  it. 
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3..  Gas    turbine    powered  servictng 
equipment. 

4,  Trailers,  dollies,  and  earts  * 
(non  powered). 

5.  Miscellaneous  support  equipment. 

Thw  first  category,  avionics  support 
equipment,  pertains  to  the  equipment  required  . 
to  maintain  and  test  avionic  systenh  and 
components.  The  maintenance  of  this 
equipment  is  assigned  to  PME  repair  and  AIMD 
or  DEPOT  level  maintenance 'activities.  With  the 
exception  of  a  few  items  of.  equipment,  the 
remaining  foyr  categories  are  the  rhaintenance 
responsibility  of  the  AS  rating  and  are  described 
in  the  following  sectiens. 

GASOLINE,  ELECTRIC,  AND 
DIESEL  POWERED  SERVICING  , 
EQUIPMENT 

This  category  includes  those  types  of 
support  eciuipnient  which  are  powered  with 
diesel  dr  gasolrne  driven  engines  or  with 
electricity.  (Thi?  category  does  not  include 
turbine  powered  equipni^f.)  Such  equipment  as 
tow  tr^'.:lors,  weapons  loaders,  mobile  electric 
power-plants,  air,  conditioners,  hydraulic  test 
stands,  air  compressors,  and  steam  cleaners  are 
iackided  in  this  category.  Some  representative 
types  of  powered  servicing  equipment  are 
xiescribed  in  the  following  paragraphs. 


Tow  Tractors 

The  to\v  tractor  is  the  only  mean^  of 
propulsion  for  the  majority  of  aircraft  when  the 
aircraft  is  on  the  ground  and  the  engines  are  not 
"running.  Most  present  day  aircraft  are  too  heavy 
and  large  to  be  moved  by  manpower  alone.  T(/w 
>tractors  are  also  used  for  towing  trailer-mounted 
support  equipment. 

Tow  tractors  must  be  especially 
maneuvemble,  particularly  those  used  on  aircraft 
carriers.  Maneuverability  of  the  tractor  depends 
on  its  dimensions  and  turning,  radius.  The 
smaller  the  dimensions  and  turning  radius  the 
more  mancuverable  the  tractor  will  be.  The  type 
of  transmission  may  also  contribute  to  the  ease 


of  handling  of  the  tractor.  Modern  tow  traqtors 
are    usUally    equipped   "With  "  automatic  v 
transmissions,   fompared   with   the  standard 
transmission,    the    automatic  .transmission 
provides  a  smoother  coupling  from  th^  engine  to 
the  driving  wheels.  It  also  frees  the  driver  from 
operating  a  clutch  and  allows  him  to' concentrate, 
more  on  the  job  at  hand.  This  results  in  . 
smoother  and  safer  movement  of  aircraft  and 
equipment. 

Tow  tractors  are  often  rated  by  drav/bar 
puUv  The  drawbar  pull  is  the  amount  of  force 
that  the  tractor  can  exert.  The  drawbar  pull  of 
any  tractor  is -  dependent  on  the  type  and 
condition  of  the  surface  on  which  it  is  being 
used.  Dry  concrete  gives  the  most  traqtion;  • 
hence  the  most  dra\ybar  pull  for  a  given  tractor. 
On  a  wet,  fuel-soared  steel  deck  th^e  traction 
may  be  almost  nil.  y' 

Support  equipment  for"^  supplying  electric 
power  and/or  compressed  air  for  aircraft  engine 
starting  or  servicing  is  inst^^lled  on  some  tractors. 

Tow  tractors  are  usually  classified  by  one  of 
two  designations-the  M  series  and  the  TA  series. 
Some  tractors  may  have  both  designations.  The 
first  two  letters  of  the  M  series  do  not  have  a 
standard  meaning.  The  number  in  the  M  series  is 
the  model  number.  A  letter  following  the  model 
number  indicates  the  number  of  modificaticos 
to  that  model  tractor.  An  A  indicates  the  first 
modi  fication,  a  B  indicates  the  second 
modification,  etc.  The  TA  in  the  TA  -series 
denotes  Tractor  Aircraft.  The  numbers  follo  ^Mng 
the  TA  indicate  the  first  two  numbers  bi  the 
drawbar  liiUll.  Other  designations  are  ^sometimes 
used,  to  identify  tractors.'  One  example  is  the 
JG-75  tow  tractor/.  This  tractor,  however,  is  one 
model" of  the  1^A-75A  6r-TA-75B  which  is 
discussed  later.    /  *' 

All  tractors  ,tlassified  as  a  certain  lype  are 
not  always  manufactured  by  the  same 
contractor.  As  a  result,  the  tractors  may  not  be 
identical  in  all/  respects.  They  may  differ  in 
app'egrance.  The  instruments  and  control  may  be 
arranged  differently.  Such  major  components  as 
the  enginejji  and  transmissions  may  be 
nanufacturediby  different  companies.  However, 
these  tractors/are  still  classified. as  the  same  type 
as  long  as  they  meet  the  Military  Specijfications 
for  that  typ(i.  The  same  is  true  for  many  other 
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types  of  support  equipment.  This  is  another 
important  reason  why  ail  personnel  of  the  AS 
...rating  should  cpnsult  the  applicable  technical 
publications-  to  properly  and  sj^fely  Dpei^ate,  * 
service,  and  ntaintain  each  specific  item  of 
support  equipment.  * 

As  indicated  by  the  preceding  discussion, 
there  are  several  types  and  modas  of  tractors 
%    available  to  -aviation  activitles./The  tra9tors 
Vakscribed    in    the   following  paragraphs  are 
representative  of  lUe  types  mo^  widely  used  at 
,  the  present  time.  ' 
.     TA-18  TOW  TRACTOR.--Thi?  is  a  gasoline  ' 
powered  tractor  for^se  on  shore  bases  as  an 
aircraft  towing  and  spotting  vehicle  for  large  , 
aircraft.  This  tractor  has  a  .drawbar  pull  of 
.  ,.18,000  pounds.  "  . 

"  The  TA-18,  shown  in  figure  3-1,  has  an 
automatic  transmission  with  6  forward  speeds 
and  1  reverse  speed.  .The  speed  ranges  are  - 
selected  by  a  shift  lever  located  on  top  of  the^ 
transmission  .  cover.-  The  .,transmission  shift 
pattern  is  shown  in  figure  3-2.  TI.e  tractor 
dimensions  are  14  feet  10  inches  long,  8  feet 
wide,  and  5  fjeet  7  inches  highi  The  turning 
radius  is  24  feet  10  inches.  The  gross  weight  of 
this  tractor  is  2^,800  pounds.  Normally,  the 
driver's  compaYtment  is  open,  as  shown  in  figure 
3-1;  but  if  the  tractor  is  to  be  .  used  .  in  .  cold 
weather,  it  can  be  obtained^^- with  a*  completely 
enclosed  cab.  These  cabs  are  equipped  with 
windshield  wipers,  heater,  arfd ^defroster. 

TA-75A  TOW  TRACTOR.^The.TA-75A  is  a 
gasoline-powered  tractor  intended  for  use  on 
shore. bases  as  a  towing  and  spotting  vehicle  for 
aircraft  with  gross  weights  up  to  75,000  pounds. 

The  TA-75A  (fig.  3-1)  has  provisions  for  . 
mountijig  a  gas  turbine  compressor  W-  other 
servicing  equipment.  It  is  equipped  ~^'\th  an 
automatic  transmission  thai  has  three  forward  j 
speeds,  and  one  reverse  speed.  The  ^tractor 
dimensions  are  20''3"  long,  5'6"  wide,  and  3 '2" 
liigh.  The  turning  radius  i<r~a- minimum  of  140" 

MRS-19.0  tow  TRACTOR.-The  MRS-IQO-^' 
tow  t  net  or  {fig  3-1)  is  intended  for  use  at  aii* 
station:,  fo:  portioning  air^craft  arresting  gear. 
This  tractor  weighs  47,000  pounds  and  is 
capable  of  exerting  sufficient  drawfear  pull  to' 
perform   practically  any  work  that-  may .  be 


TA-75A 


MRS-190 


Figure  3-1.— Tow  tractors. 


required..  It  is  17  feet  long  and  9  feet  6  inches 
wide.  It  is  powered  by  a  355-horsepower  diesel 
engine  and  4s  equippcci^with  a  5-speed  standard 
transmission.  ^. 

Mp-3  TOW  TRACTOR.-This  tractor  was 
designed  for  use  aboard  aircraft  carriers  and  will 
handle  any  type  of  carrier-based  aircraft.  It  can 
be  configured  as  an  MD-:3  (basic  tractor-no  gas 
turbine  power  unit);  MD-3A  (mounts  a 
GTCP-1 00-54  gas  turbine  power  unit),  or  MD-3B 
(mounts^  a  (jTC-85-72/73  power  unit).  The 
MD-3A  is  shown  in  figure  3-3. 

The  MP-3  tow.  tractor  is  a  self-contained 
unit  , capable    of   developing   8,50Ci  pounds 
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225.215 

Figure  3^2,-TA-18  trintmliiion  ihift  nmnmrn 


199.10 

Figure  3'3.-MD-3  tow  tractor. 

drawbar  pull  at  an  approximate  speed  of  1  nipli 
on  a  dry,  level  eoiicrete  ^nrfaee.  The  inaiii 
IX)werplaiit  of  this  type  traetor  is  an  inline 
horizontal,  four-stroke  eyele,  internal 
combustion  diesel  engine.  The  steering  system  is 
hydraulically  assisted,  and  the  service  brakes  are 
'  assisted  by  compressed  air.  The  gross  weight  of 
the  Ml>3  tractor  is  1  2,000  pounds. 


The  transmission  is  a  nriultiple  reduction 
drive  unit  that  shifts  automatically  in  all  for^yard 
gear  ratios.  It  is  bolted  to  the  engine  bell  housing 
and  is  driven  through  a  single-stage  torque 
converter.  A  hydraulic  control  system  regulates  ^ 
the  transmission  shifts.  The  system  also 
synchronizes  the  engagement  and  release  of  the 
control  clutches  and  brake  bands  to  effect  quick 
position  shifts  lO  meet  load  demands.  The 
complete  transmission  system  is  lubricatedr. 
operated,  and  cooled  by  a  single  oil  system. 

A  gas  turbine  compressor  mounted  at  the 
rear  of  the  tractor  provides  pneumatic  power  in-- 
the  form  of  compressed  air  for  the  operation  of 
large  class  pneumatic  Equipment,  sucLas  aircraft 
main  engine  starters,  and  other  consumers  ot 
compre^;sed  air.  The  operating  controls  for  the 
gaS  turbine  compresi>er  are  located  on  a  panel  on 
the  right-hand  side  of  the  operator's 
compartment.  Compressor  operation  is  outlined 
on  two  instruction  plates  adjacent  to  the 
controls. 

The  ASM  is  required  to  operate  the  tractors 
when  trainijig  personnel,  in  troubleshooting,  and 
in  testing  after  repairs  have  been  made. 
Therefore,  he  must  be  familiar  with  the  different 
instruments  and  controls.  Figure  3-4  shows  the 
instrument/control  panel,  and  figure  3-5  snows 
other  controls  of  an  MD-3  tractor. 

OPERATION  OF  TOW  TRACTORS.r-The 
ASM  is  required  to  operate  tractors  .when 
training  '  persann^^l,  troubleshooting 
malfunctions,  and  testing  aftei  repairs  have  been 
made.  A<;  mentioned  previously,  the  operating 
procedures  relative  to  the  various  types  and 
models  of  tow  tractors  differ  in  some  respects. 
The  operation  of  the  MD-3  is  used  as  a 
representative  example  in  the  following 
discussion.  It  should  be  emphasized  that  the 
current  applicable  Operation  Instructions  should 
be  consulted  for  the  corrc.-  operating 
procedures  relative  to  the  different  types  and 
models  of  tow  tractors. 

Before  attempting  to  operate  any  type  of 
ci|uipnient,  the  operator  should  be  familiar  with 
the  different  instruments  and  controls.  Figure 
3-4  shows  the  arrangement  of  the  instruments 
and  controls,  and  figure  3-5  shows  other 
controls  of  one  model  Ml)-3  lov.'  traetor. 
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1.  Glow  plug  meter. 

2.  Stoplight  switch. 

3.  Headlight  switch. 

4.  Ignition  switch. 

5.  Start  switch. 

6.  Ammeter. 

7.  Dash  lamp. 

8.  Engine  oil  press^: 

9.  Dash  lamp. 
10.  Fuel  gage. 


gage. 
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11.  Hourmeter. 

12.  Torque  converter  temperature  gage. 
13. ,  Engine  temperature  gage. 

14.  Air  pressure  gage. 

15.  Instrument  Light  c^vitch. 

16.  Air  low-pressure  warning  light. 

17.  Pintle  light  switch, 
rs.  Instruction  plate. 

19.  Glow  plug  switch. 

20.  Horn  button. 


Figure  3-4. -IVlD-3  instiument/control  panel. 
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(A) 

NEUTRAL 
REVERSE  DRIVE 


oV 


225.214 

Figure  3-5.-IVID  controls.  (A)  Shift  pat;,  rn; 
(B)  parking  brake  lever  operation. 
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Procedures  for  starting  the  MD-3  tractor 
depend  on  weather  conditions.  If  the  average 
ambient  temperature  is  above  40''  F,  NORNfAL 
starting  procedures  should  be  followed.  If  the 
average  temperature  is  40°  F  or  below,  COLD 
WEATHER  starting  procedures  should  be 
-t^llowcdv 


The  normal  starting  procedures  are  as 
follows: 

1.  Apply    the    hand    brake    and  shift 
transmission  to  N  (neutral).  (See  fig.  3-5.) 

2.  Turn  the  ignition  switch  (item  4.  fig. 
3-4)  ON,  and  push  the  starter  button  (5)  until 
the  engine  begines  firing  regularly.  Should  the 
engine  fail  to  start  immediately,  release  the 
starter  button  and  allow  a  2-minute  recovery 
time  before  making  additional  attempts  to  start. 
Excessive  engine  cranking  at  any.  one  time  may 
damage  the  cranking  motor. 

3.  After  the  engine  starts,  check  the  engine 
oil  pressure  (8),  water  temperature  (13),  imd  the 
operation  of  the  ammeter  (6).  The  ammeter 
should  mdicate  a  positive  (+)  charging  rate. 

CAUTION:  Stop  the  engine  if  there  is  a 
sudden  rise  in  engine  tempeiature  and/or  no  oil 
pressure. 

The  diesel  engine  of  the  MD-3  is  equipped 
with  glow  plugs  for  cold  weather  starting.  A 
glow  plug  is  an  electrical  heating  elemen. 
Installed  next  to  each  fuel  injector  and  is  ii.sed  to 
preheat  the  injector  and  combustion  chamber. 
The  heatmg  element  is  supplied  with  current 
-  from  the  hallery.  To  complete  this  elecirical 
circuit,  the  ignition  switch  (4)  and  the  glow  plug 
switch  (19)  must  be  ON.  Operation  of  the  glow 
plug  is  indicated  on  the  glow  plug  meter  (1). 
Nornval  gage  operation  is  indicated  by  the  gage 
}X^inter  moving  to  the  far  right  when  the  g'ow 
plug  switch  is  pressed. 

Cold    weather   starting   procedures  are  as 
follows: 

1.  Apply   the   hand   brake   iind  shift  the 
transmission  lever  to  N  (neutral). 

2.  Turn  the  ignition  switch  (4)  ON  and 
press  the  gk)w  plug  switch  (  h))  to  preheat  the 
engine  combustion  chambers.  Allow  the  anuuMU 
of  preheat  time  as  indicated  in  table  3-1 ..  Ai 
the  combustion  chambers  have  been  wariucil. 
press  the  starter  button.  Do  not  release  the  glow 


Tablo  3-1. —Glow  plug  preheating  chart 


Ambient  Air 
temperature  *F 


-60- 
30 
0 

-20 


Preheating 
time  (minute) 


-0^ 


1.5 
3.0 


plug   switch    until    the   engine  begins  firing 
regularly. 

3.  If  the  engine  fails  to  start  during  the  first  . 
30  seconds  of  ernnking,  release  the  starter 
button  to  allow  a  I -minute  recovery  period 
before  making  additional  attempts  at  starting. 
Do  not  release  the  glow  plug  switch  between 
start  attempts. 

4.  After  the  engine^  starts,  run  it  at  a  fast 
idle  until  the  engine  oil  pressure  gage  (8)  » 
indicates  oil  circulation  and  the  engine 
temperature  gage  (13)  indicates  that  the  cooling 
system  is  warm.  Idle  the  engine  until  full  air 
pressure  is  developed  in  the  brake  system.  This  is 
indicated  by  the  air  pressure  gage  (14)  and  the 
air  low-pressure  warning  light  (16).  The  warning 
light  is  on  whenever  pressure  in  the  air  system  is 
less  than  60  psi.  The  tractor  should  not  be 
operated  until  the  warning  light  is  OFF  and  the 
air  pressure  gage  indicates  moie  than  60  psi. 

CAUTION:  Do  not  use  glow  plugs  while  tin- 
tractor  is  working.  Damage  to  the  engine  may 
result. 

To  operate  the  tractor,  apply  the  service 
brakes  and  release  the  parking  brake.  (See  fig. 
3-5  (B).)  With  the  engine  idling,  select  the  tyix- 
transmission  operation  desired  with  the  shift 
lever.  (See  view  (A),  fig.  3-5.)  Release  pressure 
on  the  brake  pedal  and  gradually  increase  the 
accelerator  feed  to  start  moving  the  tractor.  The 
transmission  should  be  operated  in  the  followiiv: 
ma  nner. 

All  normal  forward  driving  and  towing  with 
light  or  moderate  loads  should  be  accomplished 
with  the  .shift  lever  at  D.  In  this  position  the 
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transmission  wilU  automatically  upshift  and 
downshift  between  second  gear  and  third  gear 
(direct  drive).  Maximum  acceleration  is  obtained 
by  fully  depressing  the  accelerator,  causing  the 
transmission  to  automatically  downshift  from 
third  gear  to  second  gear.  When  pressure  on  the 


speed  increases,  the  transmission  will 
automatically  shift  from  first  gear  tlirough 
second  to  third  gear. 

The  tractor  must  be  brought  to  a  complete 
stop  before  making  the  shift  between  D  and  R. 
When  the  tractor  must  be  rocked  back  and 


aecelerlTtor  is  decreased,  the  transmission  will 
auio^fn;Uically  upshift. 

The  shift  lever  should  be  moved  to  L  when 
the  tractor  is  used  to  tow  near  maximum  loads 
(8,500  |x)unds  drawbar  pull),  ascend  steep 
grades  or  pull  through  sand,  mud,  or  snow.  In 
addition,  engine  braking  power  can  be  gained 
when  the  transmission  is  in  this  gear  ratio.  This 
braking  power  assists  the  braking^action  of  the 
service  brakes.  The  transmission  will  not  upshift 
automatically  from  first  gear  while  the  lever 
remains  at  the  L  position. 

The  shift  lever  may  be  moved  from  L  to  D 
or  from  D  to  L  at  any  tractor  speed.  If  the  shift 
lever  is  at  D  when  the  tractor  is  at  a  standstill 
and  the  accelerator  is  fully  depressed,  the 
trailsmission  will  automatically  downshift  from 
second  gear  to  first  gear.  As  tractor  and  engine 


forth,  maintain  a  steady  but  moderate  pressure 
on  the  accelerator  pedal  and  move  the  shift  lever 
back  and  forth  between  D  and  R. 

During  tractor  operation,  the  operator 
should  listen  for  unusual  sounds  which  may 
indicate  trouble,  dages  and  instruments  should 
be  checked  periodically.  Any  unusual  gage 
indications,  such  lis  excessive  temperatures  or 
pressures,  are  warnings  of  possible  troubles. cFor 
example,  t\e  torque  converter  temperature  gage 
(item  12,  fig.  3-4)  shows,the  temperature  of  oil 
leaving  the  converter.  Readings  will  vary  with 
working  conditions,  but  the  converter 
temperature  should  never  exceed  250°  F. 

TOW  BARS 

Two  general  classes  of  tow  bars  are  used  in 
naval  aviation;  those  adaptable  to  only  one  type 
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Figure  3-6.— ' 


199.18.1 


AVIATION  SUPPORT  EQUIPMENT  TECHNICIAN  M  3  &'  2 


of  aircraft,  and  those  adaptable  to  more  than 
one  type  of  aircraft.  Most  naval  aircraft  may  be 
towed  with  the  Universal  Aircraft  Tow  Bar, 
Model  NT-4,  shov/n  in  figure  3-6:  The  tubing  of 
this  tow  bar  is  made  of  aluminuiti  alloy.  The  tow 
hitch  plate,  end  hooks  used  in  forward  towing^ 
"andThel^inrtfiatTif'intcrthe'  fiolToN^Taxle  dfllTe" 
tailwheel  and  nosewheel  arc  made  of  steel.  The 
aluminum  wheel  well  casting  is  bushed  to  take 
the  towing  pins  when  changing  from  nosewheel 
to  tailwheel  towing  and  vice  versa'. 

For  forward  towing  of  aircraft  not  having  a 
nosewheel,  the  end  hooks  of  the  tow  bar  are 
placed  through  the  main  landing  gear  towing 
rings.  The  hooks  are  held  in  place  by 
spring-ioaded  lockpins.  When  towing  aft  from 
the  hollow  axle  of  the  tailwheel,  the  towing  pins 
on  the  wheel  well  casting  are  placed  in  the 
tailwheel  axle  on  each  side.  They  are  then 
damped  in  place  by  a  chain  that  slides  through  a 
sleeve  and  is  lensioned  by  turning  a  . knob.  A 
simijar  procedure  is  used  in  towing  certain 
aircraft  from  the  nosewheel;  however,  the 
towing  pins  are  removed  from  the  wheel  wells 
and  reversed.  On  other  aircraft  with  this  type  of 
landing  gear,  the  end  hooks  of  the  tow  bar  are 
placed  through  the  towing  rings  of  the 
nosewheel  and  locked  in  place  by  the  spring- 
loaded  lockpins  provided  for  this  purpose- 
Certain  aircraft  may  be  satisfactorily  towed 
only  by  the  use  of  a  tow  bar  designed 
specifically  for  them.  For  the  proper  u.sC  of  such 


tow  bars,  consult  the  manufacturer's 
instructions  for  that  particular  aircraft. 

CHOCKS  ' 

The  Navy  universal  wheel  chock  (Model 
MVVC-2),  is  used  to  immobilize  aircraft  aboard 
carriers  and  to  some  extent,  on  shore  stations. 
(See  fig.  3-7.), This  is  an  all-metal  chock  that  is 
adjustable  to  fit  landing  gear  wheels  up  to  45 
inches  in  diameter.  Other  types  of  cliocks  are' 
used  ashore  and  are  usually  locally  fabricated  of 
wood  or  wood  and  line. 

TIEDOWNS 

The  TD-IA  all-purpose  tiedown  (fig.  3-8)  is 
the  one  most  commonly  used  by  the  Navy  for 
securing  parked  aircraft.  The  ease  and  speed 
with  which  it  can  be  attached  to  or  removed 
from  an  aircraft  make  it  most  desirable  during 
night  operations  aboard  carriers  when  time  is 
vital. 

MOBILE  CRANES 

Mobile  cranes  arc  used  both  at  shore  stations 
and  aboard  ship.  Those  for  shipboard  use  are 
usually  smaller  and  to  some  degree  more 
mancuverable  than  shore-based  cranes.  The 
mobile  crane  is  an  emergency  vehicle  primarily 
designed  for  use  in  aircraft  salvage  and  rescue.. 

Maximum  performance  of  the  mobile  crane, 
including  its  operating  equipment,  is  dependent 


Figure  3-7.— Universal  wheel  chock. 
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RELEASE  LEVER 


109.16 

Figure  3-8.— All-purpose  tiedown. 


upon  the  rrcquency  and  scope  of  the 
.maintenance  rendered  plus  the  ability  of  the 
operator  to  properly  operate  the  crane. 
Personnel  must  be  thoroughly  familiar  with  the 
cpntents  of  the  applicable  technical  manual 
before  attempting  to  operate  a  crane. 

The  NS-50  and  NS-60  Mobile  Cranes  are 
designed  primarily  to  lift  and  carry  craslied 
aircraft  on  the  lliglit  deck  of  an  aircraft  carrier, 
and  are  Vqually  suitable  for  similar  duty  on 
shore  stations  for  both  aircraft  landing  are. is  or 
unpaved  areas.  The  NS-50  and  NS-60  are  quite 
similar  in.  appearance  and  in  operation,  the  basic 
difference  being  in  the  greater  length  of  the 
boom  and  lifting  capacity  of  the  NS-60.  Fpr 
purpose  of  discussion,  the  NS-50  is  described  in 
the  following  paragraphs.  The  NS-50  is  « 
illustrated  in  figure  3;*^). 

This  crane,  a-  seif-propclled  vehicle,  is 
mouiited  on  four  electrically  powered  wheels. 
Heavy-duty  dc  electric  traction  motors  and  gear 
reduction  units  built  within  the  wheel  rims 
provide  motive  power  for  the  crane,  l-ach  wheel 
motor  is  equipped  with  m ultipkw!''  c 
spring-loaded  brakes  for  emergency  stop  ,iid 
parking,  while  a  regenerated  electrical  br,,kip'i 
system  is  used  for  operational  deceleration  of 
the  ciane. 

CJear  motors  power  the  hoom,  hoo'  :jid 
steering.  AC  electric  motors,  strategically  local od 
at  llie  point  of  power  application,  drive  through 
gearboxes  to  |M)wer  each  crane  function,  tac'^  ic 
motor  is  e<]uipped  with  a  multiple  uisc, 
spring-loaded  brake  that  sets  instantly  when  the 
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Figure  3-9.— Mobile  cranes. 

motor's  electrical  power  is  interrupted. 
Restoration  of  the  motor's  electrical  ffower 
automatically  releases  the  motor  brake. 

AC  and  dc  generators,  directly  coupled  tc 
the  diesel  engine,  supply  current  to  the  control 
motors  and  to  t!.  .-  u."  drive  motors.  Fingertip 
switches  on  the  operaior^s  panel  control  the 
application  of  i:ower  to  the  ac  motors.  Or  ■ 
control  handle  on  the  panel  provides  powbr  and 
directiunal  control  to  the  electrfc  wheels,  while 
another  give^  the  operator  complete  motor 
braking  control. 

All  no:  .V.  1 1  /  "p ,  f  a t ior  *.  required  ^  for 
nianeuvcrabilii  of  the  crane  o;e  nianageti  from 
ihe  operatoi  station.  A  revrjte  control  panel 
on  the  oar  of  the  :ranc  permits  control  of  the 
hook  and  l-ooni  a  a  poijit  near  the  load. 
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Thb  crane  is  40  feet  long  without  the  boom. 
With  the  boom  extended  23  feet,  the  overall 
length  is  64  feet  9  inches.  The  overall  height  is^ 
33  feet  with  the  boom  extended.  The  turning' 
radius  is  35  feet.  The  gross  weight  of  the  crane  is 
72,300  pounds.' 

The.  crane  is  capable  of  lifting  50,000 
pounds  when  its  boom  is  positioned  anywhere 


betwccMi  its  minimum  and  23-foot  outreach.  The 
crane  is  also  capable  of  exerting  a  drawbar  pull 
of  42.000  pounds  for  towing  operations. 

MB-1 A  Mobile  Crane 

Tlic  MB-1  A  mobile  crane  (fig.  3'^>)  is 
designed  primarily  lor  lifting,  maneuvering,  and 
removing  crashed  aircraft  from  air  station 
runway.N  and  surrounding  areas.  The  MB-lA  is 
•made  up  of  a  2-whcel  vehicle  (prime  .mover) 
attached  to  a  2-wheel  crane. 

The  priuK*  mover  is  powered  by  a  diescl 
engine  driving  throu^di  a  Uv'n-disc  clutch  a 
5-si>ccd  transmissi.)!  .  \  '.  ^\\  speed  auxiiiary 
transni  issioii .  and  a  :o:..)Lie-inoportlonini; 
dilfe'eniial.  The  auxiliary  transmission,  in 
conibinalion  with  tlie  5-specti  iransmiss:v)ii, 
results  m   !0  speeds  forward  ami  2  speed ^  in 


eels  t>! 


the   cranL-   are  n(^i 


revel  sc.  Vh 
powered 

An  .ic  ge:KTator.  driver;  from  tin.  e/igine 
llywheeU supplies  current  for  ;H)wering  the  hook 
111(1  tor.  Jib  motor,  houm  motor,  au'l  the  steering 
motor.  I'licse  motor.s  arc  controllod  by  fingertip 
switches  located  at  the  operator's  station.  A 
remote  control  box  is  provided  for  contrtiliiiTg 
the  hook.  jib.  and  boom  motors  fron:  a  po  sition 
iK\ir  the  p(.un^  of  pickup. 

Air  br;^k.  •  j..  ;  .ovided  on  all  four  wheels. 
'Ihese  braKo*  consist  of  jitcrnate  discs  spliii./d  to 
the  brake  drum  am!  brake  hub.  Air  pre.v.inc 

•  dnected  to  a  pressure  nlale  forces  the  t'.ises 
together  \'ov  brakint!.  Spriiii^s  .ire  used  U)  move 
the  pre>sure  plate  to  the  release  position  when 
air  is  bieil  from  the  brake.  .Sek  etor  valves  are 
provided  to  eontrol  the  selection  of  front,  rear. 

^  or  both  brake  sets.  There  are  three  stai^^ns 
where  a  s(MUuN|H)wered  telcphtMie  ma\  he  used. 
One  set  is  used  in  the  cab  b\  Ihe  operator,  and 
the  other  ma\  be  used  at  the  left  side  c-'  the 
craue  tontiue  or  at  the  ixar  ol'  the  crane.  To  use. 

.  phig  In  the  phone  jack  »it  the  station  outlets. 


MOBILE  ELECTRICAL 
POWER  PLANTS 

Mobile  electrical  powerplants  (MEPPs) 
supply  electrical  power  for  various  testing  and 
ehe,ckout  operations  of  aircraft.  The  MEPPs  used 
today  arc  designed  for  operation  on  shore 
stations  and  aboard  aircraft  carriers.  On  aircraft 


carriers  Ihesc^laTrits  are  usually  of  the  mobile 
type,  with  minimum  vehicular  dimetisions  and 
weight;  they  are  usually  designed  for  utmost.- 
maneuverability  and  mobility.  On  shore  stations, 
these  units  may  be  mobile,  large  in  size,  or  may. 
be  trailer-mounted  and  require  towing. 

There  are  many  types  of  MEPPs  in  use.  The 
type  used  depends  upon  the  type  of  aircraft  to 
be  serviced.  Three  of  the  various  types  of  MEPPs 
are  described  brictly  in  the  folic; wing  paragraphs. 

NC-2A  Powerplant 

The  N(.  -2A  (fig.  3-10)  is  designed  primarily 
for  emergency  use  aboard  aircraft'  carriers. 
(Normally,  deckedge  power  is  used.)  II  is  a 
scit -propelled  dicsel-enginc-powcred  service  unit 
It- is  front-axlc-dn\cn,  steered  by  the  two  '.r 
wheels,  and  readily  maneuverable  in  coiv.  ».  J 
areas.  The  front  axle  is  driven  by  a  28-voit  dc. 
revcrsiliie.  variable  speed  motor,  cupabl*  of 
propelling  the  's;it  up  to  14  mpli  on  \:  x\ 
terrL'in.  and  has  a  turning  radius  of  130  inches. 

The  primary  sour.e  of  power  is  a  3'Cylinder, 
water-cooled  di.-sel  engine  which  drives  the  ac 
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Figure  3-10. -MEPP  NC-2A. 
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and  dc  generators,  through  a  speed  increasing 
transmission.  All  controls,  both  propulsion  and 
electrical  power,  are  available  to  the  operator  on 
three  panels  located  in  front  and  to  the  right  of 
the  operator's  seat. 

The  powerplant  is  designed  for  air  transport 
and  is  provided  with  t\yo  tiedown  rings  cacji  o 
the  front  and  rear  bumpers.  Forklift  channels 
_arj^Jo.cated  between  the  front  and»  rear  axles> 
providing  safe  lifting  points  for  the  unit. 

NC-8A  Powerplant 

The  NC-8A  (Fig.  3-11)  is  a  mobile, 
self-propelled,  diesel-enginc-powered  service  unit 
which  is  utilized  for  starting  and  servicing  rotary 
and  fixed  wing  aircraft.  It  is  capable  of  providing 
400-hertz,  3-pliase,  1  20/208  vac,  60-kva  power, 
and  500  amperes  (current  limited)  intermittent 
power.  1  / 

The  NC-8A  mobile  electric  powerplant 
consists  of  a  four-wheel,  front-steering, 
electric-niptor-propelled  vehicle,  a  dual  voltage 
ac/dc  generator,  and  a  water-cooled, 
four-cylinder,  two-stroke-cycle  diesel  engine. 

The  powerplant  is  designed  for  ,air  transport 
and  is  provided  with  four  tiedown  rings,  two 
each  on  the  front  and  rear  bumpers.  Forklift 


225.134 

Figdre  3-11.-NC-8.    mobile  Powerplant, 
Front  3/4  view. 


channels  are  located  between  the  iront  and  rear 
axles,  providing  safe  lifting  points  for  the  unit. 

NC-1  OB  Powerplant 

The  NC-lOB  (Fig.  3-12)  is  a 
diesel-engine-driven  unit  designed  for  shipboard 
or  shore  station  use.  This  unit  supplies  90-kva, 
1 20/208-volt,  3-phase,  400-Hz  power  for 
servicing,  starting,  and  maintaining  helicopters 
and  jet  aircraft.  A  portion  of  the  electrical 
power  generated  is  rectified  to.  supply  28  volts 
dc  at  750,  amperes,  (1,000  amperes 
intermittent)  for  aircraft  starting. 

The  powerplant  is  enclosed  in  a  steel 
housing,  fabricated  in  two  sections  which  are 
easily  removed  for  servicing  the  unit.  Operating 
components  are  mounted  on  a  four-wheel  trailer 
which  is  equipped  with  mechanical  type  internal 
expanding  wheel  brakes.  The  brakes  may  be  set 
by  hand  lever,  and  set  automatically  when  the 
tow  bar  is  in  the  vertical  position. 

Double  hinged  doors  provide  access  to  the 
control  panel,  starting  components,  and  three 
output  power  cables. 

The  plant's  electrical  systern  is  protected 
from  overload  by  output  .  ivcuit  contactors, 
circuit  breakers,  over-voltage  and  undervoltage 
relays,  oveffrequency  and  under-frequcncy 
relays,  thermal  overload  relays,  and  fuse.s. 

The  unit  is  self-propelled,  for  movement 
between  aircraft  on  the  line,  by  two  hydraulic 
wh^el  motors.  The  operator's  control  is  located 
on  the  towbar.  HydraulFc  pressure  js  supplied  by 
the  hydraulic  system  which  also  provides 
pressure  to  operat^e  the  engine  starter  and  the 
,electrohydraulic  governor's  actuator  system. 

MOTOR  GENERATOR 
ASSEMBLIES 

Motor  generator  assemblies  supply  low 
voltage  and  high-power  current  required  for 
aircraft  servicing  and  component  testing.  Some 
motor  generator  assemblies  supply  dc  power 
only,  and  others  furnish  dc  and  ac  power.  Most 
assemblies  are  portable. 

The  ATE-105  uses  ac  current  that  operates  a 
motor.  This  motor  drives  a  dc  generator  that 
supplies  current  for  use  in  servicing  and.tcsting 
of  aircraft  components.  The  CDM-15  has  an  ac 
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Figure  3-12.-MEPP  NC-10B. 
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motor  that  drives  a  dc  and  ac  generator  lor  use 
on  aircraft  m:iintcnaiicc.  Botli  of  these  motor 
generation  assemblies  are  plugged  into  hangar  or 
shipboard  outlets  and  generate  the  type  of 
current  needed  to  service  Navy  aircraft.  The 
ASl:  will  have  the  responsibility  of  maintaining 
these  units. 

FORKLIFT  TRUCK 

I'he  f(.rklift  truck  'is  a  much  used, 
powerdriven  piece  of  material  handhng 
equipment.  It  is  a  cantilever  type  of  industrial 
truck,  either  diesel,  gasoline  ('i  electrically 
operated,  iiaving  either  three  or  four  wheels.  It 
contains  vertical  uprights  and  an  elevator 
hackpiate  equipped  willi  two  or  more  forks  of 
sufficient  lengtli  and  thickness  for  use  with 
various  types  of  pallets.  (See  fig.  ,M3.)  1-orklift 
trucks  that  ci>me  under  :lie  care  of  the  ASM  are 


powered  by  'diesel  and  gasoline  engines  and  have 
pneumatic  or  solid  rubber  tires.  Forklift  trucks 
are  generally  used  to  handle  palletized  unit  loads 
but  may  also  be  used  to  haul  boxes  or  containers 
equipped  with  skids,  as  well  as  other  large 
containers  and  packages.  They  are  used  to  hoist 
heavy  loads  into  aircraft.  They,  are  also  used  to 
move  loads  aboard  carriers,  on  barges,  on  piers, 
in  warehouses,  and  in  and  around  freight 
terminals. 

The  forklifi  truck  must  be  operated  only  by 
a  licensed  operator.  The  servicing  and  upkeep 
are  similar  to  those  required  for  any  automotive 
e(iuipnient. 

PREHEATERS  AND  AIR 
CONDITIONERS 

Preheaters  and  air  conditioners  are  used  in 
maintaining  desired  temperatures  in  aircraft  on 
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Figure  3-13.— Fork! if t  truck. 


the  ground.  In  the  following  paragraphs,  an 
example  of  each  type  of  unit  is  discussed. 


PREHEATERS 

The  NPH-3  portable  preheater  produces  up 
to  I  million  BTU  per  hour  of  heat  for  ground 
heating  of  aircraft,  portable  shelters,  or  any 
space  requiring  heat.  It  is  a  box-shaped, 
four-wheeled,  towed  vehicle  that  has 
cxpanding-type  parking  brakes  on  the  rear 
wheels.  It  is  powered  by  a  two-cyliijder, 
air-cooled  engine  developing  13.6  horsejpower^ 
This  engine  drives  a  ventilating  air  blower  and  a 
generator.  The  blower  forces  air  through  the 
heater  and  through  the  outlet  ducts.  The 
generator  actuates  the  spark  plug  to  ignite  the 
combustible  mixture  in  the  combustion  chamber 
of  the  heater:  The  heater  burns  the  same 
gasoline  as  the  engine.  Twin  outlet  ducts  can 
supply  heat  through  30  feet  of  1  2-inch  ducts.  . 

AIR  CONDITIONERS 

Air-conditioning  units  are  designed  to 
provide    ground   ventilating   and   cooling  for 


aircraft  cabins  and  electronic  systems.  Most 
units  will  perform  the  following  functions: 

1.  Cool  aircraft  avionics  equipment 
compartments. 

2.  Ventilate  equipment  compartments  at 
ambient  temperatures  where  cooling  is  not 
T^quired—  —  

3.  Cool  occupied  aircraft  cabins. 

4.  Cool  pressurized  personnel  suits. 

Air-conditioning  units  are  usually 
trailer-mounted.  The  unit  is  usually  powered  by 
either  a  ggisoline  or  diesel  engine,  or  elect nc 
motors.  Air-conditioning  units  are  identified  by 
the  letter  designation  NR,  followed  by  a  model 
number.  NR-2B,  NR-3A,  NR-5C,and  NR-lO  are 
all  different  models  pf  air  conditioners.  The 
NR-5C  and  NR-10  are  briefly  described  in  the 
following  paragraphs. 


NR-5C  Air  Conditioner 

The  NR-5C  air  conditioner  (fig.  3-14)  is^ 
mobile,  trailer-mounted,  electric-powered  by  a 
30-horsepbwer,  440-voli,  3-phase,  60-cy.:le 
electric  motor  which  is  an  integral  part  of  the 
compressor. 

b 

The  unit  is  mounted  on  four  wheels.  The 
,twa  reaf  wheels  are  non-steerable, 
shock -absorbing  on  heavy  duty  cushion  tread 
tires.  Two  "swivel  shock-absorbing  wheels  are 
provided  on  the  center  front  of  the  unit.  The 
rear  wheels  incorporate  parking  brakes  that  are 
applied  or  released  by  a  single  manual  control 

-  Jevcr  located  at  the  fro,  of  the  unit.  Access 
doors  and  panels  are  provided  for  full 
accessibility.  Four  lifting  rings  arc  mounted  on 

^  the  upper  corners  of  the  unit. 

The  NR-5C  air  conditioner  theory  of 
operation  will  be  covered  in  chapter  13  of  this 
manual. 

NR-10  Air  Conditioner 

The  NR-10  air  conditioner  (Fig.  3-i.S)  is  also 
a  mobile,  trailer-mounted,  self-contained  air- 
conditioning  unit.  A  six-cylinder,  turbocharged. 


I  ' 


73 


78 


ERIC 


AVIATION  SUPPORT  EQUIPMENT  TECHNICIAN  M  3  &  2 

I  . 


INSTRUMENT  PANEL 
ACCESS  COVER 


DUCT  STORAGE 


LIFTING 
RING 


DRAWBAR 


CONDENSER 
COiL 


PARKING? 
BRAKE  LEVl. 


TIEDOWN 
RING 
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Figure  3-14.-:NR-5C  air  conditioning  unit,  3/4  left  front  view. 


82-horsepower  dicsel  engine  supplies  all  the 
power  for  operation  of  the  air  conditioner. 
Incorporated  in  the  engine  are  a  manual  throttle, 
water  pump  and^  thermostat,  oil  filter,  fuel 
injection  pump,  fuel  transfer  pump,  fuel  filters, 
variable  speed  governor,  overspeed  control, 
thermal  protection  and  low  oil  pressure  safety 
switches,  generator,  and  starting  circuits. 

The  engine  is  liquid-cooled  by  means  of  a 
radiator.  Air  flow  through  the  radiator  '  is 
provided  by  the  condenser  fan.  The  axle 
ass»?mbly  consists  of  the  towbar  and  four 
independent  suspension  wheels.  The  towbar 
assembly  is  designed  so 'that  when  the  front 
whci^is  attain  their  maximum  angular  position  a 
aim  on  the  towbar  assembly  is  released  allowing 
the  towbar  to  continue  following  the  motion  of 
the  towing  vehicle.  All  four  wheels  are  provided 
with  braking. 


GAS  TURBINE  POWER 
SERVICING  EQUIPMENT 

Gas  turbine  Jiower  equipments  are  driven  by 
gas  turbines.  Although  they  all^  employ  similar 
gas  turbine  engines,  there  are  several  different 
types  and  configurations  of  gas  ^urbine  power 
equipments.  Basically, -these  units  provide  air  for 
jet  starting 'and  in  some  cases  will  provide 
electrical  power  for  servicing  or  starting  aircrlift. 
These  units  may  also  be  used  to  supply  air  for 
safe  removal  of  snow  or  ice  from  aircraft  and  [or 
heating  am!  preheating. 

Gas  taibine  power  equipments  are  Jargely 
self-containul  and  require  only  an  outside 
source  of  fi»»:!  and  oil  to  maintain  a  constant 
output.  :  I .  units  may  be  enclosed  in  a 
skid-moa?iteu  e'nclosure.  -housed  in  an 
aerodynamic  po<.V  or  mountc^  on  the  rear  of  a 
tow    tractor, -^suv.h    as   the   MD-i  described^ 
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prcvioujlly  in  .tins  chapter.  WIkmi  housed  in  an 
aerodym^inic  pod,  these  units  are  designed  to  be 
transported  on  the  bomb  shackles  under  the 
wings  of  jet  aircraft.  The  pod  is  mounted  on  ; 
, detachable  wheels  or  on  a  bomb  trailer  when  in  , 
use.  "Concerning  gas  turbYne  power  equipment, 
the  '  inspeltion.   maintenance,   and   repair  of  , 
ttitbine.  are  ;he  major  .responsibilitii?s  of  the 
ASM.  g\ 
GTC-8?,    C,TCP-100,    NCPP-105,  ai<S^ 
RCPP-105  are  j)|  .Afferent  models  of  gas  turbine 
compressors.  Tilt.'  MD- J  described  previously,  is 
equipped  -with*  the  GTCF-100.  The  NCPP-105  is 
described  brietly  in  ihe  following  paragraphs. 


The  NCPP-105  (fig.  3-16)  is  a  complete, 
seff-containcd  unit  consisting  of  a  flyaway 
assembly'  enclosed  in  i  skid-mounted, 
weather-resistant  enclosure.  The  top  view  oY 
figure  .3-16    shows    the    NCPP-105    as  a 


225.219 


skid-mounted  unit.  This  unit  can  be  instalhrd  on 
a  trailer,  as  shown  in  the*  lower  view  of  figure 
3-16.  This  permits  ease  of  movement  from 
aircraft  to  aircraft  and  from  place  to  place. 

The  NCPP-105  .supplies  compressed  air,  at 
two  pressure  ratios  (5:1  and  3.6:1),  for  aircraft 
engine  starting,  ai^l  ac  and  dc  electrical  power 
for  operation  of  aircraft  »ic  and  .dc  electrical 
components.  It  is  equipped  with  a  remote  cable 
assembly,  an  ac  output  cable,  a  de  output  cable, 
and  a  bleed  air  duct  afsscmbly: 

The  unit  enclosure  consists  of  a  forward  and 
aft  closure  (hinged  together),  a  cable  ':,;ovs:ugc 
enclosure,  muftler  as:iembly,  fuel  tank  structural* 
assembly,  and  a  base  assembly. 

,The  llyaway  assembly  is  normally  operated 
while  in  Ihe.  NCPP-105  enclosure,  with  the  dc 
po\yer  supply  mounted  in  the  forward  enclosure. 
^However,  when  it  is  required  to  transport  the 
flyaway  assembly  by  aircraft  to  a  temporary 
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Figure  3-16.-Model  NCPP-105  compressor  power  unit. 
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location,  the  dc  power  supply  is  removed  and 
relocated  on  the  flyaway  assembly  structure. 
The  .fuel  line  and  ac  and  dc  electrical  output 
cables,  are  disconnected,  the  forward  and  aft' 
enclosures^  are  lifted  off  the  structure  assembly, 
and  thi?  flyaway  assembly  is  then  removed  from 
the  base  assembly.  The  flyaway  assembly,  with 
its  remote  cable,  ac  anfi  dc  electrical  output 
cables,  and  bleed  air  duct  assembly,  upon-arriVal 
at  its  temporary  location,  can  be  operated  by 
attaching  it  to  a  fuel  supply. 

The  control  panel  is  part  of  the  flyaway  and 
is  located  on  one  end  of  the  NCPP-105  unit,  .as 
shown  in  figure  3-16.  The  control  panel  contains 
the  complete  operating  instructions  for  the 
operation  of  the  unit. 


NOTE:  The  NCPP-105  flyaway  ^assemblj^ 
cannot  be  hung  as  an  external  store  and  must  be 
transported  inside  a  transport  or  cargo-type 
aircraft.  . 

'  *■* 
WEAPONS  LOADER^ 

The  AERO  47A  Weapons  Loader  (fig.  3-17) 
is-designed-primaril>r-for-the"U.SrNavy^  TO  load 
externally  carried  munitions,  weapons,  jato 
.bottles,  ammunition  cans,  rockets,  pylons,  and 
fuel  tanks  onto  tactical  aircraft.  It  is  used  to  lift, 
transport,  and  attach  these  items  of  varying  size, 
weighing  up  to  4,500  pounds,  to  the  wing  and 
centcrline  pylons.of  the  aircraft.  All  lifting  and 
manipulating  functions  of  the  weapons  loader 
are    hydraiilically    powered.    The   vehicle  is 
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powered  with  a  27.5  horsepower,  multifuel 
burning  engine  which  provides  power  for  the 
movement  of  the  vehicle  as  well  as  the  hydraulic 
system.  .  ^ 

The  Aero  47A  is  controlled  in  a  manner 
similar  to  conventional  forklift .  trucks.  It  is 
equipped  with  hydraulic  powered  steering  which 
provide*:  a  turning  radius  of  1 5  feet.  All 
hydrcr motions,  including  th3  lifting 
mech-  51.  uicoiporate  safety  features  which 
prevwiit  rr»  n^nt  of  tl^J  Ibad  in  the  event  of 
mecharMc  •  i  hyrJraui'A;  failure. 

The  application  of -^ithis  loader  in  aircraft 
-loa4ms~operations  permits  the  loading  of  all 
weapons  with  a  two-man  crew.  Since  the  loader 
permits-  transportation  and  handling  of 
prepackaged  multiple  suspension  racks, 
operations  such  as  individual-  weapon 
attachment,  sway  "bracing,  fuzing,  attaching 
arming  wires,  and. preliminary  rack  checkout  can 
be  performed  as  a  prestaging  operation.  Loading 
time  at  the  aircrati  is  reduced^to  an  absolute 
minimum. 

The  Aero  47A  has  conventional  automotive 
•  power  steering.  The  drive  train  consists  of  a 
single  disc,  dry  aufomotive  clutch,  a  standard 
""S-speed  transmission,  a  2-speed  transfer  case, 
and  a  limited  slip  differential  to  ensure  positive 
traction.  Brakes  consist  of  a  mechanical  parking 
brake  on  the  rear  wheels  and  hydraulic  service 


brakes  on  the  rear  wheels  and  two  inside  front 
wheels. 

P-36  AIRFIELD  MAINTENANCE 
TRUCK 

The  P-36  airfield'  maintenance  truck  (fig. 
3-18)  is  a  platform  truck  capable  of  hauling 
loads   up   to    3,60b   lb.   A  34-horsepower, 
four-cylinder,  airTCooled  engine  provides  the 
power.  The  open  operator's  compartment  is 
located  at  the  front  of  the  truck  beside  the 
engine.    The    transmission   and    steering  are 
manually  operated.  The  ignition  system  is  the 
r  coil    and>  distributor   type.    The  maximum 
governed speed  of  the  engine  is  2,175  rpm 
producing  a  top  speed  of  15  mph.  Hydraulically 
operated  brajce  shoes  inside  each  wheel  brake' 
drum  provide  a  means  of  braking  the  truck.  The, 
standard  shift  transmission  uhit  provides  two 
forward  ana  one  reverse  speeds.  The  six  volt  lead 
acid   storage  battery,  generator,  and  voltage 
regulator  system  is  the  source,  of  power  for  the 
startjng,  ignition,  and  lighting  systems. 

this  truck  is  used  around  airfields  for 
general  hauling.  It  can  be  used  for  off-paved 
surface  hauling  at  Idw  speeds  but  has  only  a 
five-inch  clearance.  It  is  provided  with  a  coupler 
on  the  rear..Qf  the  frame  to  facilitate  towing 
trailers  or  other  vehicles. 


22^.218 

Figure  3-18.-P-36  airfield  i.iaintenc^.ce  truck.  ^  ^1 
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MB-5  AIRCRAFT  FlREFlGHTlNG 
AND  RESCUE  TRUCK 

•   -      ^  \ 

Most  aircraft  firefighting'  and  rescue 
'.equipment  used  on  shbre  stations  is  maintained 
by  the  'Public  Works  Department.  On  board 
aircraft  carriers,  personnel  of  the  AS  rating  are 
-  concerned  with  the  jnaintenance  of  this  type  of 
equipment.  An  example  of  such  equipment  is 
the  MB-5  Aircraft  Firefighting  and  Rescue 
Truck. 

The,  MB-5  firetruck  the  ASM  will  encounter 
(fig.  3-19)  is  manufactured  by  the  Oshkosh 
Truck  -Corp.  and  is  used  on  board  aircraft 
carriers.  The  main  engine  is  mounted  on  the  rear 
of  the  chassis  with  the  fan  and  radiator  to  the 
rear.  This  engine  is  a  six-cylinder  diesel  engine 
displacing  638  cubic  inches  and  rated  at  273 
horsepower  at  2,200  rpm.  An  exhaust-driven 
turbocharger  compresses  the  inlet  air  before  it 
enters  the  cylinders.  When  first  started,  a  speed 
limiting  device  limits  the  engine  speed  until 
hibricating  oil  pressure  builds  up  to  a  safe 
operating  range.  The  full  pressure  lubrication 
system  also  bypasses  the  oil  cooler  and  filter 
when  the  engine  is  first  started  until  the 
temperature  of  the  oil  increases  to  a  high  enough 
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temperature  to  tlow  unrestricted  through  the  oil 
passages.  Oil  sprayed  on  Ihejanderside  of  the 
pistons  assists  in  cooling  the  pistons,  in  addition 
to  providing  lubrication.  All  moving  parts  of  the 
engine  are  either  pressure-lubricated  by  a  gear 
type  pump  or  splash  lubricated.  * 

The  engine  is  of  the  overhead  valve  design 
utilizing  ,  mechanical  lifters  and  push  rods. 
Pas^ges  ^n  the  block  and  cylinder  head  circulate 
a  coolant  to  cool  the  .valves.  Thermostatically 
controlled  radiator  shutters  and  a  regulator  valve 
in  the  water  jacket  restrict  the  flow  of  water  and 
cooling  air  through  the  radiator  to  decrease  the 
warmupi  .time  of  the  engine  and  maintain  proper 
engine  operating  temperature.  The  cOoling 
system  is  pressurized  for  safe  operation  at  higher 
than  normal  temperatures.  The  coolant  is 
circulated  by  a  centrifugal  Nvacer  pump  through 
the  engine  oil  cooler  and  tht  water-cooled  air 
compres.sor  as  well  as  the  normal  passages.  The 
air  compressor,  driven  by  the  engine,  provides 
air  pressure  for  the  operation  of  the  hydraulic 
brake  system  power  assist  unit,  radiator  shutter 
cylinder,  windshield  wipers,  and  other  units. 

The  transmission  is  semiautomatic  and 
provides  four  speeds  forward,'  neutral,  and  one 
reverse  speed.  The  transmission, gear  selector  is 
located  to  the  right  of  the  driver's  seat.  Under 
normal  conditions,  t/.e  vehicle  can  be  operated 
in  4th  gear.  In  this  or  ,ition  the  transmission  will 
automatically  upsmf:.  and  downshift  with  the 
increase  and  decrease  ot  engine  speed.  For 
off-road  or  heavy  puHihg  operations,  a  lower 
gear  range  should  be  selected.  With  the  selector 
in  one  of  the  lower  gears,  the  tachometer  should 
be  observed  for  indicated  engine  speed.  When 
the  engine  speed  .  reaches  2,200  rpm,  the 
transmission  should  be  shifted  to  the  next  higher 
gear  range.  A  smooth  shift  can  be  obtained  if  the 
accelerator  is  released  momentaril}'  while 
shifti  ig.  The  lower  ranges  are  also  used  to  aid  in 
braking  the  vehicle  when  descending  steep 
grades.  However,  engine  speed  should  not  be 
allowed  to  exceed  2,500  rpm.  The  brakes  should 
be  applied  as  necessary  to  maintain  engine  speed 
below  the  2,500  rpm  level. 


'zzki.fj  Tfiu  tran'smifsion  transmits  power  to  both 

the  front  and  rear  axles  through  separate  drive 
shafts.    A    parking    brake    of   the  internal 


Figure  3-19.— MB-5  aircraft  firefighting 
and  rescue  truck. 
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expanding  type  is  provided  on  the  output  shaft 
to  the  front  axle. 

The  MB-5  is  equipped  v/ith  power-assisted 
steering.  The  service  brakes  are  of  the  hydraulic 
type,  and  the  system  incorporates  an 
air-over-hydraulic  power  assist  unit.  The  volume 
of  compressed  air  necessary  for  the  operation  of 
the  brakes,  windshield  wiper,  and  various  other 
control  units  is  supplied  from  two  reservoirs 
nounted  on  the  chassis.  A  constant  pressure  is 
maintained  in  these  reservoirs  by  an  air 
compressor  which  is  mounted  to  and  driven  by 
the  engine.  A  recharging  valve  is  provided  on  one 
of  the  reservoirs  to  facilitate  air  system  charging 
from  an  external  supply. 

An  auxiliary  power  generator  set  is  located 
on  the  work  deck  area  just  forward  of  the  main 
engine.  The  generator  set  consists  of  a 
one-cylindcvr  air-cooled  diesel  engine  coupled  to 
a  generator  of  1 ,000-watt  capacity.  The 
generator  will  supply  1 15-voU,  single-phase, 
60-hert7;  current  for.  the  operation  of  hand 
power  tools  and  accessories  and  will  also  supply 
direct  current  for  battery  charging.  The 
generator  set  may  be  started  from^the  operator's 
cab  by  means  of  an  electrical  starting  motor.  A 
duplicate  set  of  starting  switches  is  provided  for 
starting  at  the  unit.  A  means  of  manual  starting 
is  also  provided. 

Maintenance  of -the  MB-5  requires  the 
coordinated  efforts  of  the  using  and  supporting 
activities.  On  board  aircraft  carriers,  the  using 
activity  is  the  V-1  Division  of  the  Air 
Department,  and  the  supporting  activity  is  the 
Aircraft  Intermediate  Maintenance  Deparlment 
(AIMD).  Witliin  the  V-1  Division,  personnel  of 
the  ABH  rating  operate  the  vehicle.  In  addition 
to  servicing  and  performing  preoperational 
inspections,  personnel  of  the  V-1  Division  are 
responsible  for  complete  maintenance  of  the 
actual  firefighting  equipment  and  components. 
AS  personnel  of  the  AIMD  are  responsible  for 
calendar  inspection  am!  major  pair  of  the 
vehicle  itself. 


the  aircraft's  hydraulic  system,  the  various 
actuating  systems  may  be  operated  without 
turning  up  the  aircraft  engine.  The  test  stand  is 
connected  to  the  aircraft's  hydraulic  system  at 
ground  test  couplings  (quick  disconnects) 
provided  on  the  aircraft.  In  addition  to  ground 
checking  aircraft  hydraulic  systems,  most  test 
stands  can  be  used  for  flushing  and  filling  the 
hydraulic  system  with  micronically  filtered 
hyJ-aulic, fluid  MIL-H-83282  or  MIL-H-5606. 

Portable  hydraulic  test  stands,  such  as  the 
AKT-63  and  AHT-64  (see  fig.  3-20),  are 
frequently  referred  to  as  hydraulic  jennys.  The 
AHT-63  and  the  AHT-64  hydraulic  test  stand  is 
manufactured  by  the  SUN  ELECTRIC  CORF,  or 
the  LIQUIDONICS  CORP. 

The  AHT-63  is  powered  by,  a.  50-hp, 
3520-rpm,  220/440-v,  60-Hz,  3-phase, 
128/64-ampere  motor.  It  drives  an  axial 
pistbn-type  pump  which  is  variable-volume 
pressiire-cortipensated.  (24  gpm  at  3000  psi  to 
J  3  gpm  at  5000  psi).  The  AUT-64  (see  fig.  3-20) 
operates  the  same  as  the  AHT-63  except  it  is. 
powered  by  a  3-cyHnder,  2-cycle  diesel  engine. 


H YDRAU  Lie  TEST  ST  M  .  DS 


means  of  simulating  the  aircraft  engine-driven 
hydraulic  pump.  By  connecting  a  test  stand  to 


Figure  3-20.~Portable  hydraulic  test 
stand.  Model  AHT-64. 
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STEAM  CLEANERS 

A  steam  cleaner  (fig.  3-21)  serves  as  a 
compact,  mobile,  easily  operated  "means  of 
cleaning  and  degreasing  vehicles,  vehicle  parts, 
aircraft  engines,  machinery,  and  all  equipment 
not  subject  to  damage  by  the  application  of 
moisture.  Often  those  parts  of  equipment  that 
will  be  damaged  by  mojsture  can  be  covered 
with  moisture-proof  material  and  the  equipment 
still  be  steam  cleaned.  The  steam  cleaner  can 
also  be  used  for  sterilization,  disiinfecting,  and 
paint  removal. 

* ,  A  one-cylinder  three-horsepower,  air-cooled 
gasoline  engine  powers  the  cleaner.  It.  has  a 
magneto  ignition  system  and  is  similar  to  the 
engines  mounted  on  many  powered  lawn 
mowers.  It  furnishes  power  via  a  V-beft 
arrangement  ip  drive  the  two  piston-type  fuel 
and  water  pumps,  the  burner  magneto,  and  the 
blower  fan.  A  governor  holds  the  engine  speed 
steady  during  operation.  A  centrifugal  clutch 
couples  the  engine  to  the  V-belt  drive  pulley  of 
the  system.  The  clutch  disengages  the  engine 
from  the  cleaner  system  when  the  engine  is  at 
idle  speed,  and  automatically  engages  the  engine 
with  the  system  when  the  engine  is  advanced  to 
operating  speed.  ^ 

The  burner  fuel  pump  pumps  kerosene  to 
the  burner  where  it  is  vaporized.  The  burner 
magneto  furnishes  the  spark  to  ignite  and  keep 
the  kerosene  burning.  Cleaning  compound  in 
solution  with  water  is  pumped  into  the  heater 


coil  where  it  is  brought  to  a  high  temperature. 
The  vapor  spray  that  is  forced  into  the  delivery 
hose  at  high  pressure  is  a  mixture  of  steam, 
water »  and  cleaning  compound.  The  clea^iing  gun 
assembly,  used  to  direct  the  vapor  on  objects  to 
be  cleaned,  has  an  insulated  handle. 


HONING  MACHINE 

The  portable  dry  honing  machine  (fig.  3-22) 
is  a  compact,  self-contained,  lightweight  (160 
lb),  portable  unit  used  for  cleaning  small  work 
pieces  and  for  the  safe  and  convenient  removal 
of  corrosion  through  the  dry  honing  process. 
Although  it  is  used  principally  for  aircraft  and 
aircraft  component  corrosion  removal  it  is 
equally  effective  on  equipment  within  the 
maintenance  field  of  work  of  the  ASM.  The 
machine  must  have  an  outside  source  of  air  to 
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Figure  3-21.-Steam  cleaner.  Figure  3-22.-~Dry  honing  machine. 
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opeiati.  The  abrasive  fs  either  glass  beads  of 
^uminum  oxide  particles.  The  glass  beads  are 
lised  on  metals  that  will  corrosively  react  with 
aluminum  should  the  aluminum  oxide  be  used. 

The  blast  gun  assembly  consists  of  a 
hand-held  gun  (fig.  3-23),  blast  control  valve, 
rjozzle  assembly,  and  the  connectiorifx  for  air, 
abrasive  supply,  and  abrasive  return  hoses.  The 
abrasive  is  fed  into  the  flow  of  air  which  is  then 
directed  against  the  work  piece.  Abrasive  and 
debris  are  then  returned  to  the  filter  bags  by  an 


air  ejector  pump  or  an  electrical  pump  that  has 
been  installed  on  some  units. 

To  use,  hold  the  blast  gun  firmly  against  the 
surface  to  be  dry  honed  and  press  the  bl'ast 
control  valve  at  the  gun.  Move  the  gun  smoothly 
over  the  surface  in  a  uniform  manner.  To 
prepare  the  work  piece,  remove  all  oil,  water, 
vnd  other  debris  before  starting  the  dry  honing 
process.  To  prevent  lose  of  abrasives,  the  blast 
control  valve  must  be  released  before  the  gun  h 
raised  from  the  surface. 


Cliapter  3-AVlATION  SLi'PORT.  EQUIPMENT 

O 


PORTABLE  AIR 
COMPRESSORS 

The  P5R  air  compressor  (fig.  3-24)  is 
intended  for  use  in  charging  low  and  high 
pressure  pneumatic  systems  on  aircraft.  It  can 
meet  require aients  for  low  pressure  air  servicing 
from  0  to  1,000  ps;g  and  high  pressures  from 
1,000  to  5,000  psig.  The  engine  powering  the 
unit  is  a  four-stroke  cycle,  gasoline  burning, 
internal  combustion,  air-cooled,  four-cylinder, 
V-type  with  in-the-block  valves.  The  eagint:  is 
equipped  with  a  float-type  carburetor,  single 
uiaphragm  nonpositive  fuel  pump,  ^shielded' 
.i:j,7,T{eto  ignition,  electric  starter,  and  Centrifugal 
nyhali  tyixi  of  govprnor  for  controlling  engine 
speed.'  *  • 

The  chassis  is  of  welded  steel  frame 
loristriietiori.  The  running  gear  assenibly  consists 
Oi  front  v/hccis  and  suspension  that  are 
'--anirolled  by  automotivf.  type  sl.ering  linkage 
hooked  to  the  towba;.  The  rear  wheels  are 
equipped  yith  expanding  shoe  parking  brakes 
a^:tivater  yy  a  hand  lever -on  the  towbar  end  of 
the  frame. 

A  portable  air  compressor  used  principally 
to  inflate  tires  is  similar  to  the  one  described  in 


chapter  2  of  this  manual.  These  air  compressors 
are  usually  powered  by  an  air  cooled  gas  'line 
engine  similar  to  the  one  that  has  been  desciibcd 
powering  the  steam  cleaner. 

TRAILERS,  DOLLIES,  AND 
CARTS 

The  trailers  usually^  found  as  part  of  a  .i.tuon 


support  equipment  are  special-use,  unpowered, 
four-wheeled   vehicles.-  They  have  a  towing 


tongue;  and  the  front  wheels  are  turned  in  a 
manner  similar  to  an  automobile  or  are  free 
swivelcd.  The  wheels  have  either  solid  or 
pneumatic  tires.  Two  or  more  of  the  wheels  are 
usually  equipped  with  a  brake  system  to  permit 
the  trailer  to  be  parked  in  a  desired  position. 

Traijers  are  used  to  move  ordnance,  oxygtn, 
nitrogen,  and  LOX.  Equipments  such  as  air 
compressors,  aircraft  starters,  air  conditioners, 
engine  preheaters,  gas  turbinexompressors,  and, 
preoilers  are  permanently  mounted  on  trailers. 
The  trailer  permits  the  mobility  needed  for  this 
type  of  equipment  without  the  prgliibitive  cost 
of  an  engine  and  accessories  that  would  not  be 
needed  most  of  the  time.  Aircraft  engine  service 
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Figure  3-24.— P5R  portable  air  compressor. 
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trailers  are  used  to  move  and  supporl  both  jot 
and  reciprocating  aircraft  engines  v/hen  the 
engines  are  removed  from  the  aircrafL  Tl' ise 
trailers  are  usually  manufactured  'v^itii  the 
'equipment  that  is  mounted  on  them. 


UNPOWERED  DOLLIES 

U.'vpowered  truck  dollies  (fig.  3-2'>)'  are 
commonly  referred  to  as  crash  doliies.  They  are 
.provided  on  ail  carriers  for  moving  heinvy  aircraft 
<.\  mponeiits  and  to  serve  a>  aids  in  moving 
crashed  aircraft.  This  i?  a  heavy-du-y,  low-bed 
dolly  of  wel-Jed  steel  construction  '  /ith  a  hard 
fiber  top  suiface^  an^l  four .  swiveled,  shock 
absorbing,  caster-type  wherls  with  hon-sparking 
tread.  Bi'r  rails  on  all  four  sid ; .  of  the  dolly 
provide  handholds  and  places  for  tiedowns. 
These  doliits  can  be  modified  in  many  different 
ways  to  serve  specific  p.i'.poses.  One  such- 
modification  l.as  u  heavy  stcui  socket  welded  to 
the  top  or  i  he. dolly  u  insert  a  landing  gear  strut 
when  the  wheel  is  broken  off.  Any  modification 
of  the  dolly  nius:  -v  sufficiently  strong  to  safely 
handle  ihe  load  tiiai  will  be  imposed  on  it.  The 
aircraft  spotting  dolly  is  covered  separately  in 
thisrhantc?  hixause  it  i:.  seif-propelied. 

CARTS 

Cart:,  are  two-wtieekd  vehicles,  often  having 
a  cast'jr-type  small  wheel  on  a  stand  projecting 
troni  the  tongue  to  keep  the  cart  horizontal 
wnen  not  hitched  to  the  towing  vehicle.  They 
arc  n:  >;d  to  haul  the  same  material  or  equipment 


as  trailers,  but  they  have  smaller  bulk  and  weight 
capacity.  " 

The  ASM's'responsibility  in  the  servicing  of 
trailers,  doiiics,  and  carts  involves  only  the 
lubrication  of  the  equipment. 

AIRCRAFT  SPOTTING  DOLLY 

The  movement  of  aircraft  on  the  ground  and 
aboard  airc'aft  carriers  has  historically  been 
accomplished  by  means  of  a  tow  bar  and 
manpower  or  a  tow  bar  and  tractor;  however,  in 
crowded  areas  these  methods- become  ineffective. 
The  aircraft  spotting  dolly  (fig.  3-26)  can,  while 
providing  maximum  maneuverability,  tow,  turn, 
and  spot  several  types  of  aircraft  as  effectively 
in  congested  areas  as  in  the  op'en. 

The  SD-ID  is  equipped  with  a  3-cylinder 
diesel  engine  and  weighs  7,500  pounds.  The  unit 
is  rnanufactured  by  Consolidated  Diesel  Electric 
Corporation'.  It  has  a  lifting  capacity  of  16,000 
pounds,  and  can  operate  under  most  aircraft  as 
it  is  only  29  inches  high. 

Self-propelled,  the  spotting  dolly  moves  an 
aircraft  picking  up  the  nosewheel  and  moving 
.  the  aircraft  in  any  direction,  with  no  turning 
radius  required  by  the  spotting  dolly.  The 
spotting  dolly  can  approach  an  aircrai't  head  on, 
pick  up  the  nosewheel.  spin  on  its  own  a.vJsvand 
tow  the  nosewheel  directly  out  at- any  angle  to 
the  aircraft's  original  line  of  ..direction.  It  can 
turn  an  aircraft  through  360  degrees  while  the 
center  of  the  landing  gear  remains  stationary. 

The  nosewheel,  when  loaded  on  the  lifting 
arms  of  the  spotting  dolly,  is  on  a  freely 

•  revolving  turntable  located  between  the  two 
drive  wheels  of  the  spotting  dolly.  A  differential 
drive  system  permits  one  drive  wheel  of  the 

 siioiting-doily'lo'be  driven  forward,  the  other  in 

reverse.  This  allows  the  spotting  dolly  .o  spin 
completely  about  without  moving  the 
nosewheel. 


The  spotting  dolly  is  a  3-wheeled  device,  two 
of  the  wheels  being  driven  and  the  third,  a 


Figu;e  3-25. -Aircraft  crash  dolly. 


'7  """ffe'e-vvlieelmg'^^c^ 

1^0.51        through  a  '  single  handle  on  the  end  of  the 
control  arm.  Steering  is  accomplished  by  pushing 
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Figure  3- 26.- Aircraft  jpotting  dolly,  Model  SD-1D. 


225.4 


the  handle  left  or  right;  speed  and  direction 
(forward  or  reverse)  by  twisting  the  handle.  The 
operator  may  either  walk  with  the  unit,  or  ride 
on  the  operator's  seat,  controlling  it  with  a 
single  hand.  Maximum  speed  for  the  ^D-ID  is  2 
miles  per  hour  loaded  and  5  mileS  per  hour 
unloaded. 

The  us^ual  manner  of  loading  an  aireraii  is  to 
set  the  brakes  on  the  main  landing  gear,  lower 
the  lifting  arms,  drive  the  spotting  dojly  under 
the  nosewheeU  insert  two  axle  pins  in  the  lifting 
arms,  raise  the  lifting  arms,  release  the  aircraft 
brakes  and  drive  away, 

PRESERVATION/ DEPRESERVATION 
TRAILER 

Aircraft  and  aircraft  components,  as  well  as 
support  equipment,  mu!>t  be  preserved  before 
shipment,  storage,  or  extended  repair  periods. 
The  preservation  must  be  removed  before 
operating  the  -lircrafl  or  eciuipment.  A 
preservation/depicservation  trailer  or  cart  is  used 

"for  this  purp;ise.'  One  such  unit  is  illustrated  in. 
figure  3-27  - 

Tlie  chassis  of  this  unit  is  of  welcled  steel 
CO  1  )struction    and    so    arranged    as    to  be 

~TrlHisporl;rP)Te  by  ship,  cargo  aircraTl^  and 
helicopters.  Four-wheel  suspvtnsion  is  provided 
with  knuckle-type  steering  of  the  front  wheels 


to  provide  maneuverability.  Internal  expanding 
brakes  are  used  to  hold  the  trailer  in  position 
when  in  use.  A  tow  bar  is  prodded  with  a 
lunette  eye  to  permit  towing  by  other  vehicles. 
The  enclosure  is  constructed  to  provide  a 
nonskid  workhig  platform  for  maintenance 
personnel" when  servicing  aircraft  engines.  All 
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Figure  3-27.— Preservation/depreservation 
trailer. 
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doers  and  panels  are  constructed  to  provide  a 
weather-tight  seal  and  are  arranged  so  that  the 
internal  components  are  readily  accessible  by 
personnel  for  operation,  adjustment,  or 
maintenance. 

Two  oil  tanks  are  provided.  An  L-shaped 
depreservation  tank  with  a  20-gallon  working 
capacity  is  mounted  on  the  right  side  of  the 
trailer,  and  a  rectangular  shaped  preservation 
tank  with  a  30-gallon  working  capacity  is 
mounted  on  the  left  side.  Both  tanks  are 
provided  with  cleanout  openings,  drains,  and 
filler  necks. 

This  unit  is  equipped  with  an  electrically 

"  driven  pump.  The  pump  :s  capable  of  delivering 
either  preservation  or  depreservation  fluids  -at 
the  rate  of  3  gallons  per  minute  against  a  head 
pressure  from  0  to  250  psi,  A  3-phase,  3-wire, 
220/440-volt,  60-hcrtz  electrical  system  is 
provided  to  operate  the  pump  motor  and  strip 
heaters  and  their  controls.  The  system  is  so 
wired  that  it  may  be  easily  connected  for 
operation  at  either  voltage.  The  system  is 
connected  to  the  external  power  supply  by 
means  of  a  3-conductor  cable  35  feet  long  and 
terminating  in  a  standard  3-prong  male  plug.  The 
heaters  are  arranged\  so  that  they  may  be 
operated  at  either  220  .or  440  volts.  They,  are 
capable  of  heating  the  oil  reservoirs  from  32°  to 
250°  F  within  1  hour. 

MECHANICAL  SUPPORT 
EQUIPMENT 

The  mechanical  support  'equipment  with 
which  the  ASM  is  concerned  consists  of  jacks, 
adjustable  aircraft  maintenance  platforms 
(workstands),  and  hoists  and  siings.       "  ^ 

JACKS  , 

Tripod  jacks  (fig.  3-28)  are  used  when  the 
cqmplete  aircraft  is  to  be-  lifted.  They  are 
constructed  of  steel  tubing  and  bars  with  a 
hydraulic  cylinder  in  the  middle.  Each  leg  has  a 
pad  where  the  jack.rests  when  being  used  and  a 
retractable  wheel  that  is  used  to  move  the  jack. 
The  hand-operated  hydraulic  pump  is  located  in 
—the — bottom  CH^hc 'nZytTTTt^^  - 
extension  is  provided  to  permit  the  jack  to  be 
used  on  different  aircraft.  Inspection  of  the  jack 
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Figure  3-28.— Tripod  jack. 


for  hydraulic  leaks  and  cracks  in  the  metal 
should  be  performed  per- xlically. 

A  single  base  jack  (tig.  3-29)  is  used  when 
only  part  of  th^  aircraft  is  to  be  lifted,  such  as 
lifting  one  wheel  of  ^n  aircraft. 

WORKSTANOS 

The  B-4A  adjustable  aircraft  maintenance  " 
platform  (fig.  3-30)  is  a  hydraulically  operated 
platform  and  ladder  assembly  mounted  on  a 
caster-equipped  base,  which  enables  personnel  to 
work  in  safety  -  at  heights  varying  from  a 
minimum  of  3  feet  to  a  maximum  of  7  feet.  All 
four  wheels  have  locks  to  make  the  platform 
stationary.  Other  workstands  .  aje  often 
fabricated  locally  to  permit  repair  of  one  type  of  . 
aircraft.  ^ 

HOISTS  AND  SLINGS  . 


this  training  course.  Other  hoists  the  ASM  may 
be  using  are  the  hoists  used  to  hft  vehicles  for 
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Figure  3-29.— Single  base  jack. 


lubric^'*  purposes.  These  hoistf?  iise  either  air 
or  ek  power  to  operate  a  hydrauHc  pump 
that  ibru  the  hft,  cyhnder  to  hft  the  vehicle. 
The  types  f'  on  shore  bases  are  normally  the 
types  foimd  in  service  stations,  while  the  ones 
found  aboard  ships  are  electrically  controlled, 
siydraulically  operated,  and  mobile.  Normally 
these'hoists  have  a  tliree-way  vaive  that  controls 
the  hoist.  The  valve  is  positioned  in  the  RAISE 
position  for  lilting  the  vehicle,  in  the  OFF 
position  when  the  lift  is  up  and  not  in  use.;  and 
Jn  the  lower  position*  for  letting  the  vehicle 
down. 

Some  slings  are  made  of  cable  with  a  chafing 
cover  of  heavy  canvas.  They  are  used  to  lift 
aircraft  that  are  in  other  than  normal  positions 
because  of  accidents  or  crashes.  Other  hoisting 
slipgs  are  used  to  hoist  airciaft  from  the  dock  to 
t»K*   carrier  or  vice  versa.   Thesji   slings  are 

attaclied  to  the  ain  raft  at;  several  places  to 
ensure   the   aircraft  remains  m  a  horizontal 


.position  when  being  lifted.  Still  other  types  of 
slings  are  used  to  lift  parts  of  an  aircraft,  such  as 
propellers. 

Several  othej  types  of  aviation  support 
equipment  may  be  Under  the  control  of  the 
Aviation  Support  Equipment  Technician.  These 
include  portable  workbenches,  special  stands  for 
aircraft  parts,  such  as  propellers,  andj:radles  into 
which  an  engine  can  be  placed  after  being 
removed  from  the  airc;aft. 


GENErXl  SAFETY  AROUND 
SUPPORT  EQUIPMENT 

Safety  around  aviation  support  equipment  is 
largely  a  matter  jof  common  sense  and  not  being 
in  too  big  a  hurry.  Common  sense  dictates/w)aat 
measures  should  be  taken  to.  make  Nvork^ing 
around  aviation  support  equipment  as 'safe  as 
possible.  Not  being  in  too  big  a  hurry  dictates 
that  time  must  be  taken  to  perforrp^the  required 
safety  measures.  The  full  coo{)eration  of  all 
personnel  working  with  and^around  aviation 
support  *;quipment  is  r^uired  and  constant 
vigilance  must  be  maintained  to  eliminate  unsafe 
acts. 

General  safety  ,  ruies  require  that  all 
personnel  must  strictly  observe  all  safety 
precautions  applicable^  to  their  work.  Each 
worker  concerned  should  report,  to  his 
supervisor,  any  unsafe  condition,  material,  or 
equipment;  warn  others  who  appear,  to  be 
endangered  by  hazards  or  by  failure  to  observe 
safety  precautions;  and  report  any  injury  or 
evidence  of  impaired  health  that  occurs  icj 
himself  or  to  others.  Each  v/orker  should  wea^r 
or use  ■  protective  clothing  or  equipmei^t 
prescribed  for  the  safe  performance  of  the  work' 
he  i^^  doing.  WlWn  ^  hazardous  condition  occurs, 
each  person  should  exercise  ;is  much  caution  as 
is  possible  uiuier  the  existing  conditions.  J  , 

.  Shop  safety  is  covered  in  chapter  2  of  this 
training  course.  Some  of  the  safety  measures 
that  should  be  used  around  aviafion  support 

,  equipment    are.  covered    in    the  following 

^paragraphs.  ^  ,. 

===-=MA?^TCTFStppping^lf^^^ 
the  handbrake  or  chock  the  vehicle.  This  .should 
be  done  .to  towed  equipment  before  unhooking. 


87 


92 


AVIATION  SUPPORT  EQUIPMENT  TECHNICIAN  M  3  &  2 


.  Wlieri^'  mobile  veqiiipment  is  hand^  pushed  or 
pullecl,  this  should  be  done  when  the  vehicle  is 
stopped. 


Aboard  aircraft  carriers,  a.iy  aviation 
>  support  equipment  that  is  not  in  use  is  tied 
down  to  prevent  a  tight  turn  OLany  tilting  of  the. 
ship  froni^causing  the  equipment  t:^  become-a- 
hazard  *to  personnel  or  oqpipment.  All 
equipment  should  be  as  clean  as  possible  to 
prevent  accumulation  of  fuel,  oil,  hydraulic 


LOWERED 

205.130 

aircraft  maintenance  platform. 

^  "J 

fluid,  or  grease  from  becoming  a  fire  hazard  or 
causing  ^ippage  by  those  working  with  or  on  the 
equipment.  . , 

Each  piece  of  aviation  support ^cquipri^cnt- 
should  be  useJ  onl>^for  the  purpose  tor  which  it 
was  manufactured,  except  in  an  emergency,  and 
used   only  authorized    personnel^  The 

^  aiithori/afion  snould  be  in  writing  and  indicate 
t!  at  the  holder  has  been  thorouglily  checked  out 
in  the  operation  of  the  equipment  and  the  salety 
, practices  associated  with  it. 


\ 


CHAPTER  4 

PHYSICS 

.1 


A 


Th^    Aviation    g^uppoFt  Equipment 
Technician  M  is  associated  with  some  very 
complex    machines,  and    equipment.    He  is 
expected  to  understand,  operate,  service,  and 
maintain  these  machines  and  equipment,' and  to 
instruct  new  men-so^that  they  can  also  perform 
these  functions.  No  mSitter  how  complex  a  - 
machine  or  iteip  o^  equipment,  its  action  can  be,, 
satisfactorily^xplpined  as  an  application  of  a 
few  basic  principles  of  physics.  In  ordpr'  to  . 
understand,  maintain,  and  repair  the 'equipment 
and  machinery  Qi^essary  to  the  operation  (pf  the. 
ships  and  aircraft i  of  the  fleets  ^arUrldersta)adii^g^T 
of  these  basic  pri;iciples  is  ess^ial.,, There  can 
be  no  question  that  the  technic^n  who  possesses 
this  understanding  is  better-^quifiped  to  meet 
the  demands  placed  upon  Him  in  his  everyday 
tasks.  J!^  •  ' 

Physics  is  .d-^voted  to  finding  and  defining 
problems,  as  weir  as  to  searching  for^their 
solutions.  It  not  only  teaphes  a  person  to  be 
curious  about  the  physical  world,  but  also 
provides  a  means  of  satisfying  that  curiosity^ 
The  distinction  between  "  physics  and  other 
sciences  canno.t  ^e  w^ll  definecj,  because  the 
ppinciples  of  physics  also  pertain  to  the' other 
sciences.  Physios  is  a  barsjc  branch  of  science  and 
deals  with  piatter,  mot!OA^i,tforcc,  and  energyrft- 
deals  with  the  phenomOTir  which  arise  because 
'  matter  moves,  exerts  ^  force,  and  possesses 
energy,  ft  io  the  foundation  for  the  laws 
governing  these  phenomena,  as  expressed  in  the 
stiijfiy  of  r:':;chanics,  -hydraulics,  magnetism, 
electricity,   heat,   light,   sound*,   and  nuplear 

and  depends'  heavily  upon  mathematics  for 


BASIC  CONCEPTS 


In  any  study  of  physics,  it  soon*l5i^comes 
obvious  that  specific  worc^s  and  terms  have 
.specific  meanings  whidi  must  be  master^  from 
« the  very  start.  Without  an  understanding  pf  thp 
exact  meaning  ^f.the  texm,  there  can  be  no  redl 
understanding  of  the  prinpiples  involved  in  the 
use  of  that  term.  Once  ^the  ternyis  correctly 
understood,  however,  manyj^prinHpies  may  be 
discussed  briefly  to  illustrate  orvto  emphasize 
the  particular  aspects  ^of  interest.  The  fi^t  part 
of  this  chaptelriS  dewtetrtcrd^finitions  fe^ome 
physical  terms  an(J  a  brief  general  discu^^n^ 
certain  particular  principles  oT  vital  interest  to 
all  technical  personnel. 

MEASUREMENT 

In  all  branches  of  science,  measurerriijni:  is  a 
a  very  iitiportant  consideration.  In  o/fder  to 
evaluate  results,  it  is  often  ess^nti&l  ?o-know 
how  much,  how  far,  how  many,  how  of'tert,  or  in 
what    direction.    As    scientific  .  in'/^:stigat^ons 
^become  more  complex,  measurements  must 
becoihe  more  accurate,  ^mcf![hew  methods  paust 
be    develpped    to    measure    neW  things. 
/  Measurement   Can   be   made   by   using  two 
different  types  of- units,  the  English  or  the 
metric.  Tlie  English  units  of  measure  arc  feet, 
pounds,  gallon.*^  and  seconds.  The  nietricHmits 
of' measure  are  meters,  kilograms^  liters,  and 
seconds.  Most  scientific  measare|ne(it  is  made  by 
.  .using  the  metric  units.  ;  .j 

Measurements  may  be  classfjfi  in  three  broad^ 
=*^att*g0TOS— ittyijniti^ 


Tliese  categpncs  a'"j  broken  down  intd  several 
types,    eacli   with  Mts   own   standard  units. 
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Measurements  of  directioh  and  time  have 
become  fairly  well  standardized^  and  .have 
comparatively  few  siJbdivisions.  Magnitude,  on 
the  other  hand,  is  an  extremely  complex 
category  with  many  classes  and^  subdivisions 

involved..  -  ^ 

To  illUi^vUte  the  complexity  of  the 
magnitude  c:itcs;ory,  consider  only  a  few 
common  examj^^L  of  measurement  dealing  with 
magnilade  -  .eiglit,  distance,  temperature, 
voltage,  si,ze,  loudness,  ^brightness,  ^etc;  then 
consider  measurements  ImMjorr  cdmbinations 
of  magnitud?^density  (weigh/  per  unit  volume], 
pre'ssure  (force  per  unit  arxja)/therma!  expansion 
.(increase  in  size  .per  degree  change  ..  in 
temoerature),  etc.  In  ^addition,  measurements 
combine  .categories:  Jhe  flow  of  liquids  is 
measured  in  volume  per  unit  of  time,  speed  is 
measured  in  distance  per  unit.of  time,  rotation  is 
measured  in  revojiutions  per  minute,  frequency  is 
expressed  in*  hertz,  and 
term  "hertz"  has  the 
^replacing  tlffi  term  "cj^cfes  per  second.'') 

The  importance  of  measurement  and  the 
necessity  of  selecting  the  .proper  measurement 
cannot  be  overemphasized.  Several  sj^stems  of 
measurement  further  complicate  matters.  For' 
jltv  distai\ce  may  be  measured  in  feet  or  in 
J  cTT^  "^'ftl^jf  '^"^  pounds  or  in  kilograms; 
*capaci^  iir  quarts  or  in  liters;^  temperature  in 
degrjex^S  Fahrenjlieit,  cehius,^or  Ke}vin;  density  in 
pounds  'per  cubie^  foot  or  in  grams  per  cubic 
centimeter;  angles  in  degrees  or  in  radians;  etc. 

In  this  manual,  as  in  many  other  texts, 
specific  measuj-ement^  will  be  described  when 
and  as  necessary  for  clarity..  ^ 

■  .  ^     i  : 

COMPOSITION  OF  MATTER 

The"  molecule'  is  smallest  particle  Jo 
whicl?.' liquids,  solid)*,  or  gases  can  be  reduced  an^ 


4ci  on  indefinitely.  (The 
/same  meaning  and  is 


still  b&  called. by  the  s;ime  name.  For  exairip 


molec'ule  of  \\ 
atom  of  oxyg 


i;,  a 


aiter  (H2O)  is  composed  orj)ne 
"d  two  atoms  of  hydrogenXfig. 


4-1  \  If  the  mqlecule  of  Ayater  were  di^dcd  into 
oxygen  Und^  1  ydrogen,  the  water  would  no 


TongcT^i^n^'^^^ 
conibined  or  :}enarated'  from  one  another,  the 
change  is  generally  referred  to  as  a  physical 


—  HYDROGEN 
ATOMS 


Figure  4-1.— Molecule  of  water. 
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change:  iln  a  chemical  change,  the  molecule«^f 
the  substance  are  altered  so  that, new  molecules 
result.  ^ 

The^atom  is  the  smallest  particle  that  makes 
up  the  type  of  matorial  called  an  element.  The 
element  retains  its  characteristics  wlaen  divided 
into  atoms.  The  core  of  the  ato'in  is  called  the 
nucleus.  It  is  compared  with  the  sun  in  the  solar  - 
system  around  which  the  planets  revolve.  The 
nucleus,  contains  protons  "Which  are  positively 
-cha  ,jd  and  neutrons  which  are  elecltieally, 
neutral. 

.  Most  of  the  weight  of  the  atonies  in  the 
protons  and  neutrons  of  the  nucleus.  Whirling 
aro'und  the  nucleus  are  one  or  more  smaller 
particles  of  negative  electrical  charge,  these  are 
the  ejectrons.  Normally  there  is  one  proton  for 
each  electron  in  the  entire  atom  so  that  the  net 
positive  charge  of  the  nucleus  is  balan'ce.d  by  the 
-  net  negative  cl^rge  of  the  electrons  whirling 
around  the  nucljius.  Thus  the  atom  is  electrically 
neutral.     *  *  - 

f  he\el(::'ctrons  do  no t-'Tali,  into;  the  nucleus- ; 
even  thOug*h  Cjjey  are  .attracted  strongly  to  it.  { 

prevented  from  falling  into*""the' sun  by  the' 
^  centrifugal  force  of  their  revplution. 


3*  ^ 
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ELEMENT 


STATES  OF  MATIER 


The  word  element  is  used  to  denote  any  one 
of  over  lOOsiibstances  whieh-comprise  the  basic 
substance  of  all  matter.  Tw,  3r  more  elements 
may  combine  ciheinically  to  form  a  compound; 
any  combination  which  does  not  result  in  a 
chemical  reaction  between  the  different 
elements  is  called  a  mixture.  The  atom 
represents  the  smallesv  particle  of  an.  element. 
An  atom  of  any^one  element ^differi  from  an 
atom  of*  any  other  element  in  the  mnnter  of^ 
protons  in  the  nucleus;  all  atoms  oV  a  given 
element  contain 'the  same  number  of|  protons. 
Thus,  it  may  be  seen  that  thfe  number  of  protons 
in  the  nuqleus  determines  the  type  of  matter. 

*  Tlje  I  various    elenien.ts    are  frequently 
tabuiated  aucording  to  the  number  of  protons. 
The^i^ber  of  protons  in  the  nucleus  of  the 
atom  ii;|efcrred  to  as  the  atomic  number  oi  the 
.elements 


COMPOUNDS  AND  MIXTURES 

Ujider  certain  conditions,  two  or  more 
elem/nts  can  be  bro  ught  together  in  such  a  way 
that'  they  unife  chemically  to  form  a 
COMPOUND.  The  resulting  substance  may 
differ  widely  from  any  of its  ^  coinpOnent 
elements;  for  example,  ordinary  drinking  water 
is  formed  by  the  cheniical  union  of  two 
gases-hydrogen  and  oxygen.  When  a  compound 
'is  produced,  two  or  more  atoms  of  the 
combining  element 'join  chemically  to  form  the 
MOLECULE  /  that  is'  typical  of  the  new 
compound.  T4ie  rnolecule  is  the  smallest  unit 
that  exhibits'  tiie  distiiiguisiiiiig  qhanicteristics  of 
a  compound.-  "  ^ 

Eileniehts  or  compounds  -nay  be  physically 
combined  /  without  .neccssarjly  undergoing  any 
chemical  change.  Graiiw^f  Ijnciy  powdered  iron 
and  sulfijr  stirred  and  shjiken  together  retain 
their  oNyn  identity,  as  iron  or  sulfur.  Salt 
dissolved  in  water  is  not  a  compound;  it  is 
merely  salt  dissolved  in  Vv^ater.  Kach  chemical 
substance   retains  its  chemical  identity,  even 


though  It  nijy  undergo,  p  physicarcTrangcTTRis  is 
the  typical  char/ictcristic  of  a  MIXTURE.  


In  their  natural  condition,  forms  of  matter 
are  classified  and  grouped  in  many  different 
ways.  One  such  classification  is  in  accordance  to 
their  natural  state— solid,  liquid,  or  gas.  This 
classification  is  important  because  of  the 
common  characteristics  possessed  by  <^ubstances 
in  one  group  which  distinguish  them  from 
substances  in  the  other' groups.  However,  the 
usefulness  of  the  classification  is  lirjiited  by  the 
facL-thaLmost-substances  can' be  made  to  assume 
any  of  the  three  forms.         ^  / 

In  all  matter,  the  molecules  are  assumed  to 
be  in  constant  motion,  and  it  is  the  e;;tent  of 
this  motion  that  determines  the  stkte  of  matter. 
The  moving  molecular  particles  in  all*  matter 
possess' kinetic  energy  of  motion.  The  total  of 
this  kinetic  energy<  is  considered  to  be  the 
equivalent  of  the  quantityof  heat  in  a  ample  of 
the  substance.  When  heat  is  added,  the  energy 
level  is  increased,  and  molecular  agitation 
(motion)  is  increased.  When  heat  is  removed,  the 
energy  level  decreastes,  and  molecular  motion 
diminishes.    '  / 

In  solids,  the  iriotion  of  fhc  molecules  is 
greatly  restricted/  by  the  rigidity  of  the 
crystalline  structure  of  the  material.  In  liquids, 
the  molecular  /motion  is  somewhat  less  , 
restricted,  and  the  substance  as  a  whole  is 
permitted  to  "flow."  In  gases,  molecular  motion 
is  almost  entirely  random-the  molecules  are 
free  to  move^in  any  direction  and  are  almost 
constantly  in  collision  bo\h  aniong  themselves, 
and  with  the  surfaces  of  the  container. 

^This  topic  and  some  of  its  more  important 
implications  are  discussed  in  detail  under  the 
heading  'M  Ieat"  in  a  later  section  of  this  chapter. 

Solids 

The  outstanding  characteristic  of  a  solid  is 
tlie  tendency  to  retain  its  size  and  shape.  Any 
.  hange  i,ii  these  values  requires  the  exchange  of 
energy.  Tlie  common  properties  of  a  s6lid  are 
cohesion  ^nd  adhesion, <  tensile  strength, 
ductility,  malleability,  hardness,  brittieness,  and 
elasticity.  Ductility  is'a  measu*re*of  the  ease  with 
which  the  material  can  be  drawn  into  a  wire. 
~VfajTeabilit^  refers  to"  tTiS  ability  of "^me 
'  maferiah  to  assume  a  new  shape  vyhen  pounded. 
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Hardness  and  brittleness  are  self-explanatory 
terms.  The  remaining  properties  are  discussed  in 
more  detail  in  the  following  paragraphs. 

COHESION  AND  ADHESION.^Cohesion  is 
the  molecJular  attraction  between,  like  particles 
throughout  a  body,  or  the  force  that  holds  any 
substance  or  body  together.  Adhesion  is  the 
molecular  attraction  existing  between  surfac^K. 
of  bodies  in  contact,  or  the  force  which  causes 
unlike  materials  to  stick'together.  '  , 

Cohesion  and  adhesion  are  possessed  by 
different  materials  in  widely  varying  degrees.  In 
general,  solid  bodies  are  highly  cohesive  but  only 
slightly  adhesive.  Fluids  (liquids  and  gases),  on 
the  other  "hand,  are  usually  quite  highly  adhesive 
-but  only  sightly  cohesive.  .Generally  a  material 
having  one  of  these  properties  to  a  high  degree 
will  possess  the  other  property  to  a  relatively  , 
low  degree. 

/  ^^ENSILE  STRENGTH.-The  cohesion 
between  the  molecules  of  a,  solid  explains  the 
property  called  tensile  strength.  This  is  a 
measure  of  the  resistance  of  a  solid  to  being 
pulled  apart.  Steel  possesses  this  property  to  a 
high  degree,  and  is  thus  very  useful  in  structural 
work.  When  a  break  do'es^occiir,  the  pieces' of 
the  solid  cannot  be  stuck  back  together  because 
merely,  pressing  them  together  does  not  bring 
the  molecules  into  close  enough  contact .  to 
restore  the  molecular  force  of  cohesion. 
However,  melting  the  edges  of  the  break 
(welding),  allows  the  molecules  on  both  sides  of 
the  break  to  flow  together,  thus  bringing  them 
once  again  into  the  close  contact  required  for 
cohesion.  '  . 

ELASTICITY. -If  a  substance  will  spring 
back  to  its  original  form  after  being  deformed.,  it 
has  the  property  of  elasticity.  This  property  is 
desirable  in  materials  to  be  used  as  spring  Steel 
and  bronze  are  examples  of  materials  which 
exhibit  this  property. 

Elasticity  of-' compression  is  exhibited  to 
some  degree  by  all  solids,  liquids,  and  gases;  the 
closeness  of  the  molecules  in  solids  and  liquids 
makes  them  hard  to  compress,  but  gases  are 
easily  compressed  because  the  molecules  are 
farther  apart. 


liquids  ;  • 
^  ■      ,  i  \ 

The  outstanding  characteristic  of  a  liquid  is 
its  tendency  to  retain  its  own  volume  while 
assuming  the  shape  of  its  container;  thus  a  liquid 
is  considered  almost  completely  flexible  and 
highly  fluid. 

Liquids  are  practically  '  incompressible; 
applied  pressure  is  transmitted  through  them 
instantaneously,  equally,  and  undiminished  to 
all  points  on  the  enclosing  surfaces.  Hydraiilic 
apparatus  can  be  used  to  increase  or  to  decrease 
input  forces,  thus  providing  an  action  similar  to 
that  of  mechanical  advantage  in  mechanical 
systems.  Because  of  these  properties,  hydraulic 
servomechanisms  have  advantages^  as  well  'ds 
disadvantages  and  limitations  when  compared 
with  other  servosystems. 

The  fluidity  of  hydraulic  liquids  permits  the 
component  parts  of  the  system  to  be  placed 
conveniently  at  widely  separated  points  when 
necessary.  Hydraulic  power  units  can  transmit 
energy  around  comers  and  bends  without. the 
use  of  complicated  gears  and  levers.  They 
operate  with  a  minimum  of  slack  and  friction, 
which  are  often  excessive  in  mechanical  linkages. 
Uniform  action  is  obtained  without  vibration, 
2nd  the  operation  of  the  system  remains 
unaffected  by  variations  in  load.  The 
accumulator  (which  provides  the  necessary 
pressurization  of  the  system  to  lurAish 
practically  instantaneous  response)  can  be 
pressurized  during  periods  of  nonaction,  thus 
eliminating  the  "buildup  time"  characteristic  of 
electric  servos. 

However,  the  hydraulic  hoses  which  transmit 
fluid  from  unit  to  unit  are  Bulky  and  heavy 
compp-  \  to  electric  wiring.  Many  of  the 
hydraulic  fluids  in  common  usage  are  messy  and 
constitute  safety  hazards.  They  contribute  to 
the  danger  of  slipping,  they  cause  deterioration 
of  the  insulation  on  electric  wiring,  they 
cond  uct  electricity  and  thus  increase  the  hazards 
of  short  circuiting,  and  Ihey  are  flammable. 

The  Rate  Trainir .  Manual  Fluid  Powder, 
NavEdTra  16193  (So'  i,  contains  considerable 
detail  on  the  basic  W\y.  y  of  hydraulic  systems 
and  units. 
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Gases 

The  most  no;able  characteristics  of  a  gas  . 
are  its  tendency  to  assume  not  onlv  the  shape 
but  also  the  volume'of  its  containers,  nnd  the 
definite  relationship  that  exists  between  the 
volume,  pressure,  and  temperature  of  a  confined 
gas. 

The  ability  of  a  gas  to  assume  the^sliape  and 
volume  of  its  container  is  tJie*  result  of  its 
extremely  active  molecular  particles,  which  are 
free  to  move  in  any  direction.  Cohesion  between 
molecules  of-  a  gas  is  extremely  small,  so  the 
molecules  tend  to  separate  and  distribute 
themselves  uniformly  throughout  the  volurfre  of 
the  container.  In  an  unpressurized  container  of 
liquid,  pressure  is  exerted  ori  the  bottorh  and  the 
sides  of  the  container  up  to  the  level  of  the 
liquid  In  a  ga*^.  however,  the  pressure  is  also 
exerted  against  the  top  surface,  and  the  pressure 
is  equal  at  ajJ^^wtTTFs  on  the  enclosing  surfaces. 

The  Relationship  of  volume,  pressure,  and 
temperature  of  a  confined  gas  are  explained  by 
Boyle's  law,  Charles'  law,  and  the  general  law.for 
gases. 

Many  laboratory  experiments  based  on  these 
laws  make  use  of  the  ideas  of '  ''standard 
pressure^and  ^'standard  temperature."  These  are 
not  natural  standards,  but  :irc  standard  values 
selected  for  convenience  in  laboratory  usage. 
Standard  values  are  generally  used  at  the 
beginning  of  an  experiment,  or  when  a 
temperature  or  a  prcssf\re  is  to  be  held  constant. 
Standard  temperature  is  0*^C,  the  temperature  at 
which  pure  ice  melts.  Standard  pressure  is  the 
pressure  exerted  by  a  column  of  mereur>'  760 
rnillimeters  high.  In  maiiy  practical  uses,  these 
standards  must  be  changed  to  other  systems  of 
measurement. 

All  calculations  based  on  the  laws  of  gases 
'make  use  of  ''absolute"*  temperature  and 
pressure.  These  topics  require  a  somewhat  more 
detailed  explanation. 

GAS  PRFSSURF:  -Gas  luessurc  may  be 
indicated  in  either  of  two  ways-absolute 
pressure  or  gage  pressure.. Since  the  pressure  of 
an  absolute  vacuum  is  zero,  any  frcssure 
measured  with  respect  to  this  reference  is 
Jtvferred  to  as  "absolute  pressure."  In  tlu  present 


discussion,  "absolute  pressure"  represents  the 
actual  pressure  exerted  by  the  confined  gas. 

At  sea  level  the  average  atmospheric  pressure 
is  approximately  14.7  pounds  per  square  inch 
(psi).  This  pressure  would,  in  a  mercurial 
barometer,  support  a  column  oT  mercury  760 
millimeters  in  height.  Thus,  normal  atmospheric 
pressure  is  the  standard  pressure  mentioned 
previously. 

However,  the  actual  pressure  at  sea  level 
varies  considerably;  and  the  pressure  at  any  given 
altitude  above  sea  level  differs  from  that  at  sea 
level.  Therefore,  it  is  'necessary  to  take  into 
consideration  the  actual  atmospheric  pressure 
when  converting  absolute  pressure  to  gage 
pressure  (or  vice  versa). 

When  a  pressure  is  expressed  as  the 
difference  between  its  absolute  value  and  that  of 
the  local  atmospheric  pressure,  the  measurement 
is  designated  "gage"  pressure,  and  is  usually 
expressed  in  "pounds  per  square  inch  gage" 
(psig).  Gage  pressure  may  -  be  converted  to 
absolute  pressure  by  adding  the  local 
atmospheric  pressure  to  the  gage  pressure. 

ABSOLUTE  ZERO. -Absolute  zero,  one  of 
the  fundamental  constnnts  of  physics,  is  usually 
expressed  in  terms  of  the  Celsius  scale.  Its  most 
predominant  use  is  in  the  study  of  kinetic 
theory  of  gases.  In  accordance  with  the  kinetic 
theory,  if  the  heat  energy  of  a  given  gas  samr-^' 
could  be  progressively  reduced,  s)mo 
temperature  should  be  reached  at  which  - 
motions  of  the  molcculcj|^ould  cease  cntir.\'.  . 
If  accurately  determincd,^ms  temperature  c^^(lid 
then  be  taken  as.  a  natural  reference,  or  a  true 
"absolute  zero"  value.  r 

Experiments  with  hydrogen  (making  use  of 
the  proven  correlation  with  the  volume, 
temperature,  and  pressure  of  gnses  and  by 
calculations  ba.scd  on  this  correlation)  indif  ited 
that  if  a  gas  were  cooled  to  -273.1  6°C  fused  as 
-273^^  for  most  calculations),  all  molecular 
motion  would  cease  and  no  additional  heat 
could  be  extracted  from  the  substance.  At  this 
point  the  pressure  would  shrink  to  zero. 

When  temperatures  arc  n'leasured  with 
respect  to  the  absolute  zero  reference,  they  arc 
said  to  be  expressed  in  the  absolute,  or  Kelvin, 
scale.  Thus,  absolute  zero  may  be  expressed 
either  as  0°K  oras-273T. 
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BOYLE'S  LAW.~The  Ejiglish  scientist 
Robert  Boyle  was  among  the  first  to  study  what 
he  called  the  '^springiness  of  air/'  By.  direct 
measurement  he  discovered  that  when  the 
temperature  of  an  enclosed  sample  of  gas  was 
kept  constant  and  the  pressure  doubled,  the 
volume  was  reduced  to  half  the  former  value;  as 
the  applied  pressure  was  decreased,  the  resulting 
volume  increased.  From  these  observations,  he 
concluded  that  for  a  constant  temperature  the 
P):oduct  of  the  volume  and  pressure  of  an 
enclosed  gas  remains  constant.  Boyle's"  law  is  ' 
normally  stated:  "The  volume  oi  an  enclosed 
dry  gas  varies  inversely  with  its  pressure, 
provided  the  temperature  remains  constant. 

In  equation  form  this  relationship  may  be 
expressed  either 

.    ViPi  =  ViP-),  or 


Vt 


?} 


where  V)  and  Pj  are  the  original  volume  and 
pressure,  and  Vi  and  ?2  ^^^^  revised  volume 
and  pressure. 

CHARLES'  LAW. -The  French  scientist 
Jacques  Charles  pro^'ided  much  of  the 
_Tound_atjiKi_  fQr_Jhe_juiadc.ni_lda^  of 
gases.  He  found  tliat  alj  gases  expand  and 
contract  in  direct  proportion  to  the  change  in 
the  absolute  temperature,  provided  the  pa^ssure 
is  held  constant.  Expressed  in  equation  form, 
this  part  of  the  law  may  be  expressed 

ViT2  =  V2T|,or 

where  V|  and  y2  refer  to  the  original  and  trnuil 
volumes,  and  Ti  and  T2  indicate  the 
corresponding  absolute  temperatures.,. 

Since  any  change  in  the  temperature  of  a  gas 
causes  a  corresponding  change  in  volume,  it  is 
reasonable  to  expect  that  if  a  given  sample  of  a 
gas  were  heated  while  confined  within  a  given 
volume,  the  pressure  should  increase.  By  actual 
experiment,  it  was  found  that  the  increase  in 
pressure  was  approximately  1/273  of  the  C^C 


pressure  for  each  I'^^firtcrease 7  Because  of  this 
fact,  it  is  nofmul  practice  to  state  this 
relationship  in  terms  of  ebsoh/te  temptfraturc.  In 
equation  form,  this  part  of  tl^e  law  becomes 

,  PjT?  =  PVTi,  or  '  *  . 


In 
P7 


IL 

T7 


In  words,  this  equation  states  ,  that  with  a 
constant  volume,  the  absolute  pressure  of  a  gas 
varies  directly  with  the  absolute  temperature.,, 

GENERAL  GAS  LAW.-Thc  facts 
concerning  gases  discussed  in  the  preceding 
sections  are  summed  up  and  illustrated  in  figure 
4-2.  Boyle's  law  is  expressed  in  (A)  of  iha  figure, 
and  the  effects  of  temperature  changes  on 
pressure  and  volume  (Charles'  law)  are 
illustrated  in  (B)  and  (C),  respective])^.. 

By  combining  Boyle's  and  Charles'  laws,  a 
single  expression  can  be  derived  which  staTcs' all 
the  information  contained  in  both.  TJiis 
expression  is  called  the  GENERAL,  GAS 
EQUATION^  a  ver>'  useful  form  of  which  is 
given  by  the  following  equation.  (NOTE:  Tlie 
capital  P  and  T  signify  absolute  pressure  and 
temperature,  respectively. 

PlV|  P2V2 
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Figure  4-2.-General  gas  law. 
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It  can  be  seen  by  examination  on  figure  4-2 
that  the  ihree  equations  rre  special  cases  o{  the 
general   equation..  Thus,  if  the  temperature 
remains  constant,  Tj  equals  T2  and  both  can  be 
eliminated  from  the  general  tormula,  which  then 
reduces  to  the  form  shown  in.  (A).  When  the 
volume  remains  constant,  V|  equals  V9  thereby 
.  reducing  the  general  equation  to  the  form  given 
.iii  (B\.  Similarly,  Pj  is  equ:  \d  to  ?2  for 
constant  pressure,  and  the  equation  then  takes 
•  the  form  given  in  (C).  ' 

The  general  gas  law  applies  with  exactness 
only  to  "ideal"  gases  in  which  the  molecules  are 
assumed  to  be  perfectly  elastic.  However,  it 
describes  the  behavior  of  actual  gases  wjth 
sufficient  accuracy  for  most  practical  purposes. 


MECHANICS 

•  \  . 

Mechanics  is  that  branch  af,  physics  which 

-deals  primarily  with  the  ideas  of  force,  massV  and 
mptioli.  Normally  considered  the  fundamental 

.  branch  of  physics,  it  deals  with  matter.  Many  of 
fts  principles  and  ideas  may  be  seen,  measured, 
and  tested.  Since  all  other  branches  of  physics 
are  also  concerned  (to  some  extent  at  least)  with 
force,  mass/  arid  motion,  a  thorough 
understanding  of  this  section  will  aid  in  the 
understanding  of  later  sections  of  this  chapter. 

FORCE,  MASS,  AND  MOTION 

Each  particle  in  a  body"  is  acted  upon  by 
gravitational  force.  However,  in  eveiy  body 
there  is  one  ponit  at  which  a  single  force,  equal 
to  the  gravitational  force  and  directed  Lipward, 
would  sustain  the  body  in  a  condition  of  rest. 
This^r  jint  is  known  as  the  CENTER  OF 
GRAVITY,  and  represents  the  point  at  which 
the  entire  mass  of  the  body  appears  to  be 
concentrated..-  The  gravitational  effect  is 
measured  from  the  center  of,  gravity.  In 
.symmetrical  objects  of  uniform  mass,  this  is  the 
geometrical  center.  In  the  case  of  the  earth,  the 
center  of  gravity  is  near  the  center  of  the  earth. 

When  considering  the  motion  of  a  body,  it  is 
usually  convenient  to  describe  the  path  followed 
by  the  center  of  gravity.  The  natural  tendency 
of  a  moving  body^is  to  move  in  a  manner  so  that 
the  center  of  gravity  travels  in  a  straight  line. 


Movement  of  this  type  is  called  LINEAR 
motion.  ^ 

Some  moving  bodies,  however,  do  not. move 
in  a  straight  line,  but  de,scribe  an  arc  or  a  circular 
paih.  Circular  motion  falls  into  two  general 
classes-rotation  and  revolution. 

Since  objects  come  in  many  different  shapes 
and  in  order  to  discujs  rotary^and  revolutionary 
motion,  it  becomes  no.ijessary  consider  the 
location  of  the  center  of  gravity  with  respect  to 
the  body,  (Refer  to- figure  4-3  for  the  following 
discussion.). 


JA)  EiALL 


(C)  IRREGULAR 


"CENTER  OF- 
GRAVITY 


Figure  4-3.-Center  of  gravity  ih 
various  bodies^ 
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In  (A),  the  center  of  gravity  of  a  ball 
coincides  with  the  physical  center  of  the  ball. 
However,  in  the  flat  wa.sher  (B),  the  center  of 
gravity  does'  not  coincide  wich  any  part  of  the 
object,  but  is  located  at  the  center  of  the  hollow 
.space  inside  the  ring.  In  irregularly  .shaped 
bodies,  the  center  of  gravity  maybe  di/f^  to 
locate  exactly. 

If  the  body  is  completely  free  to  r  .  •  vhe 
center  of  rotation  coincides  with  the  r  of 
gravity.  On  the  other  hand,  the  body  may  be 
restricted  in  .such  a  manner  that  rotation  is. 
about  some  point  other  than  the  center  of 
gravity.  In  this  event,  the  cente'r  of  graV^ity 
revolves  around  the  center  of  rotation.  This 
condition  is  illii.strated  in  figure  4-4.  > 

In  general  us:ige,  the  gyro  rotor  (A)^  said  to 
ROTATE  about  its  axis,  and  the  balf^B)  is  said 
to  REVOLVE  about  appoint  at  the  ci^nterof  its 
path. 
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(A). 

jGYRO  ROTOR 


(8) 

.SAIL  ON  A  STRING 


CENTER  V  GRAVITY 


ceI^ter  of  revolution 


s 


Figure  4^.— Center  of  gravity  and 
center  of  rotation. 
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MASSES  IN  MOTION 


Any  change  in  the  speed  , or  direcl^n  of 
motion  of  a  body  is  known  as  accelerati9n  and 
requires  the  application  of  some  force.  The 
acceleration  of  a  body  is  directly  proportional  to 
the  force  causing  that  accelerat|ion;  acceleration 
depends  also  upon  the  mass  of  the  body.  The 
f  rL.-n\5r  mass  of  a  lead  ball  makes  it  harder  to 
move  than  a  wooden  ball  of  the  same  diameter. 
The  wooden  ball  moves  farther  with  the  same 
push.  '     '  . 

Ihese  observations  point  to  a  connection 
between  force,  mass,  and  acceleration,  and. 
indicate  that  the  ^  acceleration  of  a  body  is 
directly  .propo*  tional  to  the  force  exerted  on  the 
body  and  inversely>  proportional  to  the-mass  of 
that-  body.  In  njathen^tJ^al  form,  this 
relationsliip  may  be  expie^ed  ps 


or,  as  it  is  more  commonly  stated:  Force  is  equal 
to  the  plroduct  of  the  mass  and  acceleration  (F  = 
jTia). 

If  the  ^accelerating  force  is  applied  to  the 
center  of  gravity  in  such  a  manner  as  to 
accelerate  the  body  with  no  rotation,  it  is  called 
a  TRANSLATION AL  force.  A  force  applied  in 
such  a  manner  as  to  cause  thie  body  to  rotate 
about  a  point  i§  called  a  TORQUE  force. 


Laws  of^otion 

Among  the  most  important  discoveries  in 
theoretical  physics  are  the  three  fundamental 
laws  of  motion  attributed  to  Newton.  Although 
some  of  these  laws  have  been  used  in 
explanations  of  ^various  topics  earlier  ia  this 
chapter,  they  are  restated  and  consolidated  at 
this  point  to  clarify  and  summarize  much  of  the 
4iscussion  regarding  mechanical  physics.  This 
restatement  and  -cofisolidatioa  are  als6^  used  to 
introduce  additional  aspects  involving  the 
applications  of  basic  mechanical  principles. 

1 .  Every  body  tends  to  maintain  a  state  of 
uniform,  motion  unless  a  force  is  applied  to 
change  ihe  speed  or  direction  of  motion. 

2.  The  acceleration  of  a  body  is  directly 
proportional  to  the  magnitude  of  the  applied 
force  and  inversely  proportional  to  the  mass  of 
the  body;  acceleration  is  in  the  direction  of  the 
applied  force. 

3.  For  every  force  applied  to  a  body,  the 
body  exerts  ah  equal  ,  force  in  the  opposite 
direction.  ,  .  '  I 


Momentum 

Every  '  moving  body  tends  to  maintain 
uniform  motion.  Quantitative  measurement  of 
this  tendency  is  proportional  to  th9  mass  of  the 
body,  and  also  to  its  velocity.  .(lilomentum  - 
mass  X  velocity.)  This  explains!  why  heavy 
objects  in  motion  at  a  given  speed  iare  harder  to 
stop  than  lighter  objects,  and  al^o  why  it  is 
easier  to  stop  a  given  body  moving;  at  low  speed 
than  it  is  to  stop  the  same  body  moving  at  high 
speed.  .     '  . 

WORK,  POWER,  AND  ENERGY  | 

! 

\As  defined  earlier,  energy  is  th^  capacity  for 
doing  work.  In  mechanical  physics,  WORK 
involves  the  idea  of  a  mass  in  mbtion,  and  is 
usually  regarded  as  the  product  of  the  applied 
force  and  the  distance  through  wic)i  the  mass  is 
moved  (work  =  force  x  distance).  Thus,  if  a  man 
raises  a  weight  of  100  pounds  to  a  height  of  10 
feet,  he  accomplishes'  1,000  foot-pounds  of 
work.  The  amount  of  work  accomplir  ed  is  the 
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same  regardless  of  the  time  involved.  However, 
tlie  RATE  of  doing  the  work  may  vary  greatly. 

The  rate  of  doing  work  (calWd  POWER)  is 
defined  as  the  work  accomplished  per  unit  of 
time  (power  =  work/time).  In  the  example  tited 
abv'>ve,  if  the  work  is  accoitiplished  in  1 0 
seconds,  power  is  being  expended  at  the  rate  of 
100  f6ot-pounds  per  secorid;  if  it  takes  5 
iTiinxites  (300  seconds),  the  rate  is  approximately 
3.3  foot-pounds  per  second. 

Iir  the  English  system  of  measuVements,  the 
unit  of  mechanical  power  is  called  thf 
HORSEPOWER  and  is  the  equivalent  of  33,000 
foot-pounds  per  minute;  or  550  foot-pounds  per  . 
second.  Since  energy  is  readily  t:onvertible  from 
one^  form  to  another,  the  work  and  power 
.measurements  based  on  the  conversion  of  energy 
must  afeo  be  readily  convertible.  As  an  example, 
the  electrical  unit  of  power  is  the  watt. 
Electrical  energy  may  'be  c^)nverted  into 
^mechanical  energy;  therefore,  electricarpo'wer 
must  be  convertible  into  mecha.nical  power.  One 
horsepower  is  the  mechanical  equivalent  of  746 
watts  of  electrical  power,  and  is  capable  of  doing 
the  same  arnount  of  work'in  the  same  time." 

The  accomplishment  of  .  work  always 
involves  a  change  in  the  type  of  energy,  but  does 
not  normally  change  the  total  quantity  of 
energy.  Thus,  energy  applied  to  an.  object  may 
produce  work,  changing  the  composition  of  the 
energy  possessed  hy  the  object.  When  the  worli 
stops,  energy  is  no  longer  being  ''expended,*'  so 
energy  must  .  pnce  .again  be  converted  in 
form— but  not  aecessarily  into  its  original  form. 

Efficiency 

Provided  thQre  is  no  change  in  the  quantity 
of  matter,  energy  is  convertible  with  no  gain  or 
loss.  However,  the  energy  resulting  from  a  given 
aetiom  may  not  be  in  the  desired  form-it  may 
not  even  be  usable  in  its  resultant  form.  In  all 
branches  of  physics,  this  concept  is  known  as 
EFFICIENCY. 

The  energy  expended  is  always  greater  than 
the  energy  recovered.  An  automobile  in  motion 
possesses  a  quantity  of  kinetic  energy  dependent 
on  its  mass  and  velocity.  In  order  to  stop  the 
car,  this  energy  must  be  converted  into  potential 
energy.  When  the  car  is  at  rest,  its  potential 
energy  is  considerably  less  than  the  kinetic 


energy  it  possessed  while  in  motion...  The 
difference,  or  the  ''energy  lost,"  is  converted 
into  heat  by  jhe  brakes.  The  heat  serves  no,, 
useful  purpose-,  so  the  recovered  energy  is  less 
than  the  expended- energy-the  system  is  less 
than  100  percent  efficient  in  converting*kinetic 
lo  potential  energy. 

The  term  efficiency  'is  normally  used  in 
connection  with  work  and  power  considerations 
to  denote  the  ratio  of  the  input  to  the  outpiVt 
work,  power,  or  energy.  It  is  always  expressed  as 
a  decimal  or  as  a  percent  less  than  one. 

Friction 

In  mechanical  physics,  the  most  commcya^ 
causes  for  the  loss  of. efficiency  is  FRICTION. 
'Whenever  one  object  is  slid  or  n  Med  over 
another^  irregularities  in  the  contacting  surfaces 
interlock  and  cause  an  opposition. ta-tlYti  force 
being  exerted.  Even  rubbing  two  smooth  pieces 
of  ice  together  produces  friction;  although  of  a 
much  smaller  magnitude  than  in  the  case  of  two 
rough  stones.  FriJtion  also  exists  in  the  contact 
of  air  with  all  exposed  parts  of  an'aircrafi  -in 
flight,  as  well  as  in  the  brakes  of  the  automobile 
mentioned  above. 

When  a  nail  is  struck  with  a  hanuncr,.the  . 
energy  of  the  hammer  is  transferred  to  the  nail, 
and  Ihe  nail  is  driven  into  a  board.  The  (^epth  of 
penetration  depends, on  the  momentum  of  the 
hammer,  the  size  and  shape  of  the  naiL  and  the 
hardness  of  the  wood.  Jhe  larger  or  duller^he 
nail  and  the  harder  the  wood,  tlieJgreater'tlie 
friction,  and  therefore  the  lower  thv  efficiency 
and  less  depth  of  penetration--but  the  greater 
the  heating  of  the  nail. 

Friction  is  always  present  in  moving 
machinery  and  accounts  in  paf-t  for  the  fact  that 
the  useful  work  accomplished  by  the  machine  is 
never  as  great  as  the  energy  applied.  Work 
accomplished  in  overcoming  friction  is  usually 
not  recoverable.  Friction  can  be  minimi/ed  by 
'decreasing  the  .uiniber  of  contacting  point.s/by 
making  the  cmitacting  areas  as  small  and  as 
smooth  as  possible,  by  the. use  of  bearings,  or  by 
the  use  of  lubricants.. 

There  are  two  kinds  of  friction-sliding  and 
rolling,  with  rolling  friction  usually  of  . lower 
magnitude.  Therefore^,  most  -niatiiines  are 
constructed  so  that  rolling  friction  is  present 
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rather  than  sliding  friction.  The  bafl  bearing  and 
the  roller  bearing  are  used  to  Convert  sliding 
friction  to  rolling  friction.  A  third  type,  tlie 
common  (or  friction)  bearing,  utilizes  lubricants 
app,|^ed  to  surfaces  which  have  been  made  as 
smooth  as  possible.  Many  new  types  of  rnachines 
utilize  self-lubricating  bearings  to  minimize 
friction  and  thus  increase  efficiency. 


Mechanical  Advantage 

Th^' concept  of  mechanical  advantage  lias 
proved  to  be  one  of-  the  great  discoveries  of 
science.  !t  permits  an  irtcrease  in'  force  or 
distance  and  represents  .  the  ^  basic  principle 
involved  in  levers,  block  and  tackle  systems, 
screws,  hyiJraulic  mechanisnis,  and  other  work-' 
saving  devices.  However,  in  the  true  sense,  these 
devices  do  not  save  '.'ork.  they  merely  enable 
humans  to  accomplish  tasks  which  might 
'otherwise  be  beyond  their  capabihty .  1-or 
exampi.e,  a  human  would  normally  be 
considered  incapable  of  lifting  the  rear  end  of  a 
truck  ill'  order  to  change  a  tire;  but  with  ix  jack,  a 
block  and  tackle,  or  a  lever,  the  job  can  be  made 
comparatively  easy. 


Mechanical  advantage  is  usTially  considered 
with  respect  to  work.  Work  represents  the 
application  of  a  force  through  a  distance  in 
order  to  move  an  object  through  a  distance. 
Thus,  it  may  be  .seen  that  there  are  two  forces 
involved,  each  with  an  approoriate  distance.  This 
is  ilkistraled  by  the  simple  ic^r  in  figure  4-5> 


FULCRUM 
Wl  =  W2 

INPUT  ,      '  OUTPUT 


Figure  4  5!.— A/iechanical  advantage; 
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Assulnihg  perfect  efficiency,  the  work  input 
(FiCyj)  is,  equal  to  the  work  output  <F2D2). 
Assuming  equal  distances  Di  and  D2,  a  force  of 
10  poimds-  must  be  applied  at  the  soui^ce  in. 
order  to  counteract  a  weight  of  10  pounds  at  the^ 
load.  By  moving  the  fulcrum  nearer  the  load, 
less  force  is  requircd  to  balance  the  same  load. 
This  is  a  mechanical  advantage  of  force.  If  the 
force  is  applied  in  ^uch  a  manner  as  to  raise  the 
load  1  foot,  the  source  must  be  moved  tiirough  a 
distance  greater  than  1  foot.  Thus,  mechanical 
advantage  of  force.^,  represents  a  mechanical 
disadvantage  of  distance.  By  moving  the  fulcrum 
hearer  the  source,  these  conditions  are  reversed. 

Since  llie  input  work  equals  the  output  work 
(assuming  no  losses),  the  mechanical  advantage 
may  be  stated  as  a  ratio  of  the  force  or  of  the 
distances.  In  actual  situations,  friction  results  \n 
energy  loss  and  decreased  efficiency,  thereby 
requiring  an  even  greater  input  to  accomplish 
the  same  work. 


/ 


A  more  detailed  discussion  of  mechanical 
advantages  and  the  characteristics  of  the  six 
basic  mechanical  devices  (the  lever,  the  screw, 
tjie  inclined  plane  or  wedge,  the  block  and 
-Uu;4i;le,  and  wheel  a  nth-axle .  and  "thr  ~gi?a  rT~1s~ 
found  in  the  Rate  Training  Manual,  Ihisic 
Machines.  NAVFDTRA  1 0624^(Series).  . 

REVOLVING  BODIES 

Revolving  bodies  represent  nias.sc^  in 
motion:  therefore,  'they  po.ssess  all  the 
characteristics  (and  obey  all  the  laws)  associated 
with  moving  bodies,  in  addition,  since  they 
posses  a  specific  type  of^niotion,  they  have 
special  properties  and  ./actors  which  must  be 
taken  into  consideration. 

Revolving  bodies  travel,  in  a  constantly 
changing  direclicin,  so  they  must  he  constantly 
subjected  to  an  accelerating  force. Momenluin 
tends  to  produce  linear  iiiotion,  but  this  is 
prevented  by  application  'of  a  force  which 
restrains  the  object.  ,  This  restraining  force 
prevents  the  object  from  continuing  in  a  straiglit 
line,  and  is  known  as  (y-NTRIPI'TAL  ti()rce. 
According  to  Newton's  third  law  of  motion^  the 
centripetal  force  must  be  opposed,  by  an  eii  al 
force  which  lends  to  produce  linear  motion. 
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This  second  force  is  known  as  CENTRIFUGAL 
force.  The  two  forces,  their  relationships,  and 
their  effects  are  illustrated  in  figure  4-6  and  the 
following  explanatory  example. 
.   The  various  forces  involved  in  revolvH\g 
bodies  may  be  illustrated  by  use  of  a  ball  aAd 
siring.  A  slip  knot  is  tied  in  xhe  center  of  a 
10-foot  length  of  twine  so  as  to  shorten  the  line^V 
to  5  feet;  a  rubber  ball  is  attached  to  one  end  of 
the  string.  Holding  the  other  end  of  the  line,  * 
whirl  the  ball  slowly  in  a  circle.  Note  that  the', 
ball  exerts  a  force  against  the  hand  (through  the*' 
siring);  and  that  in  order  to  restrain  the  ball  in 
its  circular  path,  the  hand  must  exert  a  force- 
(through  the  string)  on.  the  ba^l.  As  the  ball  is  . 
revolved  at  higher  speed,- the  forces  increase,  and 
the  ball  continues,  in  a  circular  path.  As  the 
rotationak  veloicity  of  the   ball   is  gradually 
increased,  note  the  increasing  forces.     »         ^  , 


CENTER  OF  REvOLUTlOM 
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Figure  4-6.— Forces  on  revolving  bodies. 


At  some  rotational  s[)eed.  the  forces 
involved  become  great  enough  to  ovcrLonie^ 
injrlial  friction,  and  the  knot  slips.  At  tliis'tiinc. 
a'llow  the  velocity  nf  the  rotation  to  stahili/e 
(stop  increasii^g  in  rotational  velocity,  but  not 
slowing  down,  either),  so*  that  the  existing 
conditions  may  be  analyzed.  When  the-  knot 
slips,  the  ball  is  temporarily  unrestrained  and  is 
free  to  as5?Linie  linear  motion  in  the  direction  of 
travel  at  that  instant  (tangent  to  the  circle  at  the 
instantaneous  ])osition).  The  tr;ivels  in  a 
straight  line   until  the  string  reaches  its  full 


length;  during  tHis  time,  no  force  is  exerted  on 
or  by  the'hand>As  soon  as  al!  the  slack  is  taken 
up,  there  is  a  sharp  jerk —an  accelerating  force  is 
exerted  in  order  to  change  the  direction  of 
motion  from  its  linear  path  into  a  circular 
•^rotation.  The  ball  again  assumes  rotational 
motion,  but  with  an  increase  in  radius. 

\  The  ball  does  not  make  as  many  revolutions 
in  the  same  time  (rotational  velocity  is 
^tbcreasod),  but  it  does  maintain  its  former  linejir 
^'Velocity .  (The  kinetic  energy  and  the 
'  momentum  of  the  ball  have  not  changed.)  Since 
'  the  change  in  direction  is  less  abrupt  with  a  large 
radius  than  with  a  small  one,  less  accelerating 
force  is  required,  and  the  hand  will  feel  less 
force.  If  the  ball  is  then  au'celertited  to  the  same 
.  rotational  velocity  :;iimediatelv  prior  -to  the 
slipping  of  the  knoi.  the  linear^elocity  of  the 
•ball  becomes  much  tzreater  than  Sbfore:  the 
'centripetal  and  centrifugal  forces  are  also 
greater.  ' 

*'  )[a-tiils  example,  it  has  been  assumed  that  the 
hand  is-Vixed  at  a  ^loint  which  represents  the 
center  of  rotation.  This  assumption,  while 
somewhat  erroneous,  does  not  affect  the  jzenerak 
.  conclusions.  For  practical  purposes,  the-  two 
forces  are  equal  at  all  points  along  the  string  at  ■ 
any  given  time,  and  the  magnitude  of  each  force 
is  equal  at  ail  points  along^the  string. 

In  summarizing  the  conclusions  reached  by 
the  above  exaniplc  and  explaiVtion,  consider  the  . 
following  relationsliip:  -  | 


I  orce 


niass«t\  (velocity)- 
radius 


or  F  = 


mv- 


where  velocity  represent.s  the  linear  velocity  of 
the  bali.  This  emphasizes  that  the  centripetal 
and  the  centrifugal  forces  are  equal  in  magnitude 
and  oppo.^^ite  in 'direction.  Fach  force  is  directly 

^^Moportional  to  the  weijiht  of  tlie  hod>  And 
inversely  proportional  to  the  radius  of  rotation. 

^•1-ach  force  is  also  proportional  to  the  s(]iiare  of 
the  velocity. 

li^  revolving  or  rotating  bodies,  all  jiarticles 
of  the  matter  which  are  not  on  the  axis  of 
rotation  are  subjected  to  the  forces  Just 
described.  The  statement  is  true  whether  the 
motion  is  through  a  complete  circle  or  merely 
around  a  curve:  An  aircraft  lends  to  skid  when 
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changing  course;  an  automobile  tends,  to  take 
curves  on  two  wheels.  The  sharper  the  curve 
(smaller  radius)  or  the  higher  the  velocity,  the 
^eater  the  tendency  to  skid. 


WAVE  INACTION 

Wave  motion^  and  radiated  energy  may  be 
compared  With  the  wave  motion  of  water.  When 
a, pebble  is  dixjpped  into  a  calm  pool  of  water,  a 
series  of  circular  waves  travel  away  frSm  the  , 
disturbance.  These,waves  radiate  in  all  directions 
on  the  surface,  of  the  water  until  they  are 
absorbedvOr  until  th^3(  are  diverted  by  coming 
into  contact  with  an  obstruction  of  some  sort. 
"Water  wavesvure^'a  succession  of  crests  and' 
'  troughs;  the.distance  from  on^  point  to  the  next 
identical  ppiht  on  the  wave  is  balled  wavelength. 
A  cork  floating 'on  the  surface  of  the  water  bobs 
up  and  down  with  the  waves,  but  moves  very 
little  in  the  direction  of  wave  travel.  Water  waves 
are  called  transverse  waves  because  the  motion 
of  the  water  particles  is  up  anu  down,  or  at  right 
angles  (transverse)  to  tlie  direction  in  which  the 
s^wave  is  traveling. 

A   second   form   of   wave   motion,  also 
iifvblying  the  motion  of  particles  of  matter,  may 


be  produced  by  the  physical  vibration  of  a  body 
An  example  of  this  type  wave  is  the  sound  wave 
which  is  pro3uced  by  striking  the  tine  of  a 
tuning-fork.  When  struck,  the  tuning  fork  sets 
up  a  vibratory  motion.  As  the  tine  moves  in  an 
outward  direction,  the  air  immediately  in  front 
of  the  tine  is  compressed  so  that  its  momentary 
pressure  is  raised  above  that  at  other  points  ih 
tlilj  .  surrounding^  iiiedium  (air).  Because  air  is 
elasf^it:^;^  this  disturbance  is  transmitted 
progessiv^ly  in  ah  outward  direction  ,  as  la 
compression^v^ave.  When  the  tine  returns  alid. 
moves  in  the  inwand  direction,  the  air  iii  front  of 
the'  tine  \s  rarefied  so  that  its  momentary 
pressure  is  reduced  below  that  at  other  points  in 
-the  surrounding  mediurfi.  This  disturbance  is 
al^o  transmitted,  but  in  the-form  t)f  a  rarefaction 
(expansion)  wave,  and  fallows  tlie  compression 
wave  th*rdugh  the  medium. 

The  compression  and  expansion  waves  are 
also.  . called  longitudinal  waves,  becauS'c*  the 
particles  of  matter  which  comprise  the  medium 
move  back  and  forth  longitudinally  in  the 
direction  of  wave  travel:  Figure  4-7  is  a 
simplified  representation  of  the  use  of  a  tuning 
fork'  to  produce  a  longitudinal  wave.  The 
transverse  wave  shown  below  tlie  longitudinal 
wave  is  merely  a  coijvcnient  device  to  indicate. 


J 


Figure  4-7.— Compression  and  rarefaction  (expansion)  of  a  sound  vyave. 
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the  relative  density  of  the  particles  in  the 
medium,  aild  does  not  reflect  the  rnovement  of  - 
.  the  particles.  .       ■   ^  ■ 

The,  progress,  of  any  wave  requiring 
movement  of  particles  in  the  transmission 
medium  involves  two  distinct  motions:  the  wave 
itself  ,  moves  forward  -/vitli  constant  speed,  and 
simultaneously  the  particles  within  the  medium 
vibrate.  The  epnod  of  a  vib:rating  particle  is  the 
tiftie  (t,  In  seconds)  required  for  the  particle  to  . 
complete  '  one  full  vibration  or  cycle.  The 
frequency  (0  is  the  number  of  vibrations 
completed  per  unit  of.  time  and  is  expressed  in 
hertz.  The  period  is  the  reciprocal  of  the 
frequency  (t=l/0.  The  amplitude  of  vibratio^n  is 
the  maximum  variation  of  particle  density  from 
the  equilibrium  density. 

A  body  vibrating  at  a  definite  rate  produces 
a  disturbance  that  moves  away  as  a  wave  in  the 
surrounding  medium.  The  velocity  of  this  wave 
is  equal  to  the  wavelength  divided  by  the  period. 
Since  the  period  is  the  reciprocal  of  the 
frequency,  the  velocity  may  be  expressed  as 

V  =  r  \ 

where  v  is  the  velocity  of  transmission  of  the 
wave  in  the  given  medium,  f  is  the  frequency  in 
hertz,  and  \  is  the  wavelength  in  ^compatible 
units  of  measure.  The  velocity  of  transmission 
may  also  be  describes  as  representing,  the 
c'^stance  that  a  wave  travels  during  one  perioU. 

Two  particles  are  in.  phase  when  they  are 
vjbrating  with  the  sariie  frequency,  •  and 
continually  pass  through  corresponding  points 
of  their  paths  at  the  same  time.  For  any  other 
condition,  the  particles  are  out /Ot*  phase.  Two 
particles  are  in  phase  opposition  when  they 
reach  their  maximum  displacements  in  opposite' 
directions  at  the  same  time.  ~ 

"'A  third  type  of  wave,  the  electromagnefic 
wave,  docs  not  invblve  moving  pjiticles  of 
matter,  but  relies  on  electric  and  in.ii:netiw  force 
fields.  The  waves  previously  discussed  cannot  be 
transmitted  in  the  absence  of  a  coiui acting 
nicdiLmr=eiectromagnetic  wu\cs  ;ire  tniiisniitted 
most  efficiently  in'-the  absence  of  matter.  In  the. 
ckctroniagnetic  wave,'  :'.vt)  compoi^Jiits  aavL 
req^ui;*ed~an  electric  field  ;t!ul  i\  niaizitctic  field: 
These  two  fields  are  mutual];,  perpendicular  to 


'each  other  and  to  the  direction  of  transmission. 
In  the  particle  waves,  ^he  velocity,  of 
'transmission  varies  with  the  particular  mediurh, 
and  is  comparatively  very  slow;  in  the 
electromagnetiic  wave,  the  velocity  of 
^transmission  is  the  speed  of  light  (approximately 
186,300  miles  per  second).  Examples  of 
electromagnetic  waves  include  heat^  light,  radio 
waves.  X-rays,  cosmic  radiations,  ultraviolet 
rays,  etc.    ^    j  ' 

All  three  types  of  v  ave  motion  obey  certain 
common  laws  and  have  certain  common 
characteristics:  All  arc  periodic:  Jhat  is,  they  all 
constantly  repeat  tl\a  same  pattern  so  that  each 
succeeding  wave  is.  the  same  as  the  previous  one. 
Each  wave  displays  the  same  relationships  of 
wavelength,  frequency,  period,  velocity  of 
transmission,  amplitude,  aiiJ  phase;  and  each  is 
subject  to  the  same  conditions  of  reflection  ^nd 
refraction.  In  the  electromagnetic  wave,  the 
maxima  and  minima  are  correlatd'd  with  field 
intensity  rather  than  with  particle  density  or 
displacement  as  in^  the  case  of  the  other  waves. 
In  the  toniJratiinal  wave,  the  den^sity  is  related 
to  particle  density;  in  the  electromagnetic  wave, 
.flensity  i§  related  to  the  strength  of^the  electric 
and  magnetic  flelus.  In  the  electromagnetic 
wave,  the  electric  fiejd  and  the>  m^ignetic  field 
are  in  phase  with  each  other.  . 

A  wavelength  (a  complete  cycle)  is  the 
distance-from-gne  point  to- the  next  identical 
^  point  on  the  •  wave.  (See  fig.  4-7.)  The 
wavelength  could  start at  -any  point  but  is 
usually  started  on  the  axis. 

A  *Iine  drawn  fropi  the  source  tp  any  point 
on  one  of  the  waves  is  called  a  RAY,  c^nd 
indicates  the  path  over  "which  the  wave 
progresses.  Although  rays  do  not  actilally  exist, 
they  are  frequently  used  in  illustrations  as  a 
convenient  method  of  denoting  wave 
transmissioiv  A  wavefront  is  a  surface  on  which 
all  points  are  in  phase.  Wavefronts  near  the 
source  are  sharply  curved-,  while  those  at  a 
distance  are  almost  fiat;  individual  rays  from  a 
distanf&urce  are  considered  to  be  parallel. 

REFLECTION 

— — Within  a  uniform^  medium,  a  -ray  travels  in  a 
straight  line.  Only  at  tl]e  boundary^of  two  media 
or  in  an  area  where  the  density  of  the  medium 
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changes  do  the  rays  change  ;their  direction.  When 
an  advancing  wavefrbrit  encounters  a,  medium  of 
different  characteristics,  some  of  its  energy  is 
reflected  back  into  the  iriftial  mediurn\  and  some 
is  transmitted  into  the  second  medium.  When  a  • 
wavefront  encounters  a  medium  which  it  cart'not 
penetrate,  the  ^avc'is  reflet^ted  front  the  surfaCe*. 

'  REFLECTED  waves  are  sintply  thoW  waves 
that'auc  neither  tr'anstiiitted  nor  absorbed,  biit 
are  thrown  f^ack  from  the  surface  of  thejriedium 
they  jencounterl  If  a  ray  is^dtfccted  against  a 
'  reflecting  surface,  the  ray  striking  the  surface  is 
.called  the  "INCIDENT  ray,,  and  the  one  that 
'  bounces  .back  Is  th.    REFLECTED  ray.  An 
imaginary  *  line-  perpendicular  to  the  reflecting 
sucfacV.^t  the  point  of  impact  ot\<he  incident 
ray  is  L  'iiled  thfc  NORMAL.  The /ngle  betweeh 
fhe  incident  ray  and  the  normal  rs  called  the 
,  ANGLE  OF  INClDENCErthe  angle  between  the 
reflected  ray  and  the  norma!  is  the  ANGLE  OF 
REFLECTION,  these  terms  are  illustrated  in 
figure  4-8-   '  ' 

'  *.  * 

If  the  surface  atMhe  medium  conta'cte^  by 
,  the  incident  ray.  is  smooth  and  polished  (as  a 
mirror):  each  reflected  ray  wiil  b*e  thrown  biick 
at  the  same^'ngie  iis  the  incident  cay.Th^  path, 
of  the  ray*  retlectccl^  frpm  the- surface  f6 rms  an 
■'angle  e.xactly./cqual  to  , the  one  formed  by.  i^s' 


PERPENDiCULAn 


MIRROR 


path  in  reaching  the  medium.^This  conforms  to 
the  law  of  reflection  which  states;  Thg^ angle  of 
incidence  is  equal  to  the  angle  qf  reflection. 


Diffusion  -  « 

Reflection  froin  a  relatively  smooth  ^siTrface 
presents  few  problems.  -As  shown  Jn  figure 
4-9(A),  rays  are  reflected  from  a  tlat.  smoqth 
surface  in  -djx  orderly  manner  with  all  rays  at  the 
sinne  angle  and  all  rays  parallel  to  each  oth^. ' 
This  is  called  re^ilar  or  specular  retlection.  lt_is_ 
a  different  matter,  however,'  ^with  -a  rough 
surface., The  law  of  rctlcction  is' slill  vaHd;  but 
due  to  the  rough  surface,  the  angle  of  iiuidence 
isson)cwhsU  different  for  each  ray.  The  rcQected 
fays  scatter  in  all  directions:  as  shown  in. figure 
4-9(8).  This  fojm  of  rcnection  is  called  irregular^ 
br.diffused  reflection.         ^.        ^         ^  - 

Focusing       '  ,  . 

In  addition  to  reflection  from  a  Hat  surface 
and  diffusion  frCnl  a  rougii  one,Avaves  may  also 
be  focused  by 'reflecti^on  from  a  curved  surface. 
If  the  retlccting  surface  is  concave,- the  parallel 
rays  striking,  its  .surface  ^re  re'tlecteil  as  shown  jn 
.figure  4-1  0(A).  The  normal  is  perpendicular  to 


Figcre  4-8.— Term»;)Used  to  descnbe ' 
the  reflection  of  waves. 
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Figure  4-9,— Reflection  from- a  plane 
surface  (A)  regu,dr,1specular); 
(B)  Irregular  (diffused). 
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:NORMAL  -  -N 


cuf^,'atjv  ok  reflecting 
Surface  ^ 


WAVE  SOURCE*'"' 


Figure  4--ro.-Reflection  fr.om  a  concave  surface.  (A)  focusing;  (B)  illumination. 
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the  surface;  there t'orc^  tlie  norniais  on  a  eur\ed 
.  surtaee  are^not  parallel  to  one  another.  The  rajs 
.  come  togejjier.  or-converge.  at  some  point  eaiied 
tlie' focal,  point.  Tlie  roeation  of  the  focal  point 
depends  on  'the  rate  of  eurvaUire  of  tiie 
letlecting  surface.  *  \ 


Illumination 

!f  a  point -source  of -waves  is  located  at  liie 
focal    point  .of   tlie    concave    relleetor.  liie 

^  reflected  .rays  are  formed  iiifo  a  narrow  beatji, 
witli  all  reflected  rays  parallel  toOne  anotiier; 
Tliis  condition  is  illustrated  in  figure  4-iO(B).  In 

<this  manner,  tlie  intensity  is  increased  (Or  ih- 
area  is  **illuniinated';),  because  rays  tiial  would" 
normally  be  lost  are  directed  into  the  beam 
along  witii  tiie  dir^*t  rays:  ■   '  ♦ 


REFRACTION  ^ 

The  Vlinnge  of  dfreclion  which  occurs  \vi\en 
a  ray  passes  from  one  mediiun  into  anotiu-T  of 
different  density  is  called  RlibRACTlONv  It  is 
due  to  the  fact  tliat  waves  travel^  at  various 
speeds'  in*  different  Iran^smission  media. 
Refraction  always  follows  a  general  rule:  When  a 
■ray  passes  from  one  medium  injo  another  of 
greater  densit\ .  re.fraclio!]  is  toward  the  norinal;' 
when  passing  i!ilo  a  .mediuhi  of  lesser  densit\ . 
refraction  is  away  .from  the  normal.  This  is 
illustrated  in  figure , 4-11 . 
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Figure  4- 1.1. -Refraction  of  a  wave. 

SOUND 

BASIC  CONSmi J^XTIONS 

The  term-  sound  a.s^generall_\'  used  refers  l(v 
iieaplng:  ()ut  when  used  in  physics.  Ihv-'lernHias 
to  i]o-  with  a  partiLuIar  type  of  wave  luolion  and 
wilti  .  the  generation,  transniissfon .  detection, 
characteristic's.. and  eVfects  of  those  waves. 
^  One  '  examjMe  of ^  the  generation  ■  and 
transmis.sion  of  sound" -waves  is  tlfe  tunimz  fork 
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discussed  earlier  in  this  cliapter.  Any  object 
which  moves  rapidly  to  and  fro,  or  which 
vibrates  rapidly  in  such  a  manner  as  to  disturb 
the  surrounding  medium,  may  become  a  sound 
source.  Sound  requires  three  components-a 
source,  a  medium  for  transmission,  and  a 
detector.  As  widely  different  as  sound  sources 
may  be,  the  waves  they  produce  have  certain 
basic  characteristics. 

Wave  Motion 

Sound  waves,  are  longitudinal-type  waves 
which  rely  on  a  '  physical  mcilium  for 
transmission.  Since  the  waves  are  transruiit.  d  by 
the  compression  and  rarefaction  of  parlules  of 
matter  in  the  medium,  they  cannot  be 
transmitted  through  a  vacuum.  Sound  waves  are 
similar  to  waves  of  other  types  in  that  they  can 
be  reflected,  absorbed,  or  refracted  according  to 
tiic  laws  previously  discussed.  . 

The  major  differences  between  the  waves  of 
sound  and  the  waves  of  heat  and  light  are  the 
frequencies,  the  nature  of  the  wave,  and  the 
velocities  of  wave  travel. 

Frequencies 

Sound  -  wnves  vary  in  length,  a  long 
wavelength  is  heard  as  a  low  souncl.  while  a  slu)rt 
wavelength  is  heard  as  a  high  sound.  It  '^he  sound 
is  below  15  hertz  or  above  20,00u  hertz,  it 
normally  cannot  be  heard  by  the  human  ear. 
The  frecjuency  range  over  which  sound  can  be 
heard  is  called  the  audible  range,  and  the  sounds 
heard  are  known  as  sorwcs.  Sounds  below  15 
hertz  are  subsonics:  those  above  20.000  hertz 
are  ultrasonij:s.  * 

Conduction  Media  and 
Velocity  of  Transmission 

In  any  uniform  medium  under  given  physical 
f;onditions.  sound  travels  at  a  definite  speed.  In 
some  substances,  the  velocity  of  sound  is  higher 
than  in  othcxs.  I:ven  in  the  same  medium  under 
different  conditions  of  temperature  and 
pressure,  the  velocity  of  sound  varies.  Density 
and  elasticity  of  ?i  medium  are  basic  physical 
properties  which  govern  the  velocity  of  sound. 


At  a  given  temperature  and  pressure,  all 
sound  .waves  rr;i^.-i  at  the  same  speed  in  air, 
regardless  of  he  ,  ency  or  wavelength.  The 
speed  of  sound.  .  wever,  does  increase  with 
temperature  at  the  rate  of  2.0^  feet  per  second 
(fps)  per  degree  centigrade.  For  practical 
purposes,  the  speed  of  sound  in  air  may  be 
considered  1,100  fps.  Refer  to  table  4-1  for 
speed  of  sound  in  various  jriedia  at  different 
temperatures 

Table  4-1. -Comparison  of  velocity 
of  sound  in  various  media 


Medium 

Temperature 
.  .    .  .C°F)  .  .  .  ^ 

Velocity 
.  (ft/sec)  .... 

Air 

32 

1,087 

Air 

68 

1,  127 

Fresh  water 

32 

4,629 

Fresh  water 

68 

4,805 

Salt  water 

32 

4,800 

Salt  water 

4,953 

Steel 

32^BF^ 

16,410 

Steel 

68  ^ 

16,850 

As  previously  stated,  a  sound  wave  is  a 
eumpressional  wave  transmitted  through  an 
elastie  medium.  Sound  travels  faster  through 
water  {4,800  fps)  than  air  (1.087  fps)  because 
the  elasticity  of  water  is  greater  than  that  of  air. 

l-or  a  fixed  temperature,  the  velocity'  of 
sound  constant  for  any  medium  and  is 
independent  of  the  period,  frequency,  or 
amplitude  of  the  disturbance.  Thus,  the  velocity 
of  sound  in  air  at  OT  (3:°r")  is  1.087  fps  and 
increases  by  2  fps  for  each  degree  Celsius  rise  in 
temperature  (  1  .1  fps  for  each  degree 
Fahrenheit). 

The  velocity  of  sound  also  varies  with  a 
change  in  altituile.  With  all  increase  in  altitude, 
the  atmospheric  pressure  is  reduced,  and  the 
medium  is  less  dcnsL-.  Sound  waves  travel  slower 
in  a  less  dense  medium.  Therefore,  it  may  be 
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considered  that  the  velocity  of  sound  varies 
inversely  with  the  altitude.  ^ 

Oiaracteristics 

Numerous  terms  are  used  to  convey 
impressions  of  sounds,  including  whistle,  scream, 
rumble,  and  hum.  Most  of  these  are  classified  as 
noises  in  contrast  to  musical  tones.  The 
distinction  is  based  on  the  regularity  of  the 
vibraitions,  the  degree  of  damping,  and  the 
ability  of  the  ear  .to  recognize  components 
having  a  musical  sequence. 

The  ear  can  distinguish  tones  that  are 
different  in  pitch,  intensity,  or  quality.  Each  of 
these  characteristics  is  associated  with  one  of  the 
properties  of  the  vibrating  source  or  of  the 
waves  that  the  source  produces.  Thus,  pitch  is 
determined  by  the  number  of  vibrations  per 
second,  intensity  by  the  amplitude  of  the  wave 
motion,  and  quality  by  the  number  of  overtones 
(harmonics)  which  the  wave  contains.  A  sound 
wave  can  best  be  described  by  its  frequency 
rathe.'  than  by  its  velocity  or  wavelength,  as 
both  the  velocity  and  the  .wavelength  change 
when  the  temperature  of  *he  air  changes. 

PITCH.-The  term  pitch  is  used  to  describe 
the  frequency  of  a  sound.  The  outstanding 
recognizable  difference  between  the  tones 
produced  by  two  different  keys  on  a  piano  is  a 
difference  in  pitch.  The  pitch,  of  a  tone  is 
proportional  to  the  number  of  compressions  and 
rarefactions  received  per  second,  which  in  turn  is 
determined  by  the  vibration  frequency  of  the 
sounding  squTiT.e. 

fitch  is  usually  measured  by  comparison 
with*  a  standard.  The  standard  tone  may  be 
produced  by  a  tuning  fork  of  known  frequency 
or  by  a  siren  whose  frequency  is  computed  for  a 
particular  speed  of  rotation.  By  regulating  the 
speed,  the  pitch  of  the  siren  is  made  equal  to 
that  of  the  tone  being  measured.  The  car  can 
determine  this  equality  directly  if  the  two 
sources  are  sounded  alternately,  or  by  the 
"elimination  of  beats  by  regulating  the  spe*;d  of 
the  siren  if  the  two  sources  arc  sounded 
together.  ' 

■•  INTENSITY.-VVhen  a  bell  rings,  the  sound 
waves  spread  out  in  all  directions  and  the  sound 


is  heard  in  all  directions.  When  a  bell  is  struck., 
lightly,  the  vibrations  are  of  small  amplitude  and 
the  sound  is  weak.  A  stronger  blow  produces 

^  vibrations  of  greater  amplitude  in  the.>bell>  and 
the  sound  •  is  louder.  It  is  evident  that  the' 
amplitude  of  the  air  vibrations  is  greater  when 
the  amplitude  of  the  vibrations  of  the  source  is- 
increased.  Hence,  the  loudness  of  the  sound 
depends  on  the  amplitude  of  the  vibrations  of 
the  sound  waves.  As  the  distance  from  the 
source  increases,  the  energy  in  each  wave  spreads 
out,  and  the  sound  becomes  weaker. 

The  intensity  of  sound  is  the  energy  per  unit 

'area  per  second.  In  a  sojnd  wave  of  simple 
harmonic  motion,  the  energy  is  half  kinetic  and 
half  potential;  half  is  due  tp.  the  speed  of  the 
particles,  and  half  is  due  to  the  compressib;  and 
rarefaction  of  the  medium.  These  two  energies 
are  90®  out  of  phase  at  any  instant r-t,liat  is, 
when  the  speed  of  particle  motion  is  at  a 
maximum,  the  pressure  is  normal;  and  when  the 
pressure  is  at  a  maximum  or-^  minimum,  the 
speed  of  the  particles  is  zero. 

The  loudness  of  sound  depends  upon  both 
intensity  and  frequency.  The  intensity  of  a 
sound  wave  in  a  given  medium  is  proportional  to 
the  following  4  quantities:  • 

1 .  Square  of  the  frequency  of  vibration. 

2.  Square  of  the  amplitude.  ' 

3.  Density  of  the  medium." 

4.  Velocity  of  transmission. 

At  any  distance  from  a"*  point  source  of 
sound  the  intensity  of  the  wave  varies  inversely 
as  the  square  of  the  distance  from  the  source. 

As  a  sound  wave  advances,  variations  in 
pressure  occur  at  all  points  in  the  transmitting 
medium.  The  greater  the  pressure  variations,  the 
more  intense  the  sound  wave  will  be.  It  can  be 
shown  that  the  intensity  is  proportional  to  the 
square  of  the  pressure  variation  regardless  of  the 
frequency.  Thus,  by  measuring  pressure  changes, 
the  intensities  of  sounds  having  different 
frequencies  can  be  compared  directly. 

QUALITY. -Most  sounds  and  musical  notes 
arc  not  pure  tones.  They  are  mixtures  of  tones 
of  different  frequencies. ^Thc  tones  produced  by 
most  sources  can  be  represented  by  composite 
waves  in  which  the  sound  of  lowest  pitch,  the 
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^fundamental  tone,  is  accompanied  by  several 
harmonics  or  overtones  having  frequencies  that 
rare  2,  3,  4  or  more  times  that  of  the 
fundamental  frequency.  The  quaHty  of  a  tone 
depends  on  the  number  of  overtones  present  and 
on  their  frequencies  and  intensities  relative  to 
the  fundamental  tone.  It  is  this  characteristic  of 
difference  in  quality  that  distinguishes  tones  of 
like  pitch'  and  intensity  when  sounded  on 
different  types  of.  musical  instruments  (piano, 
organ,  violin,  etc.). 


ACOUSTICS 

Acoustics  is  the  science  that  deals  with 
effects  on  sound  in  a^  ^p^^ji*  ^rc^.  Tlic 
performance  of  an  announcing  system  or  sound 
system  when  used  in  a  room  or  enclosed  space 
depends  on  the  acoustical  characteristics  of  the 
enclosure.  Sound  originating  in  an  enclosed 
space  is  partly  reflected  and  partly  absorbed  by 
enclosing  surfaces  such  as  the  walls,  ceiling,  and 
floor  of  a  room.  This  action  introduces  echoes 
and  reverberations,*  which  may  seriously  impair 
the  quality^  or  character  of  the  sound. 

Aeoustical  Disturbances 

Light  is  often  thought  of  first  whenever 
reflection  is  discussed:  however,  reflection  is 
equally  common  in  other  wav^s.  As  an  example, 
echoes  are  caused  by  reflection  of  sound  waves. 

ECHO.- An  ECHO  is  the  repetition  of  a 
sound  caused  by  the  reflections  of  sound  waves. 
When  a  surface  of  a  room  is  situated  so  that  a 
reflection  from  it  is  outstanding,  it  appears  as  a 
distinct  echo,  and  is  heard  an  appreciable 
interval  later  than  the  direct  sound.  If  the 
surface  is  concave,  it  may  have  a  focusing  effect 
and  concentrate  the  reflected  sound  energy  at 
one  locality.-  Such  a  reflection  may  be  several 
levels  higlier  in  ^intensity  than  the  direct  sound, 
and  its  arrival  at  a  later  time  may  be  particularly 
disturbing.  Some  possible  remedies  for  this 
condition  are  as  follows: 

1 .  Cover  the  offending  surface  with 
absorbing  material  to  reduce  the  intensity  of  the 
reflected  sound. 


2.  Change  the  contour  of  the  offending., 
surface  and  thus  send  the  reflected  sound  in 
another  direction. 

3.  Locate  the  loudspeaker  in  a  different 
position. 

4.  Vary  the  amplitude  or  the  pitch  of  the 
signal. 

REVERBERATION  is  the  persistence  of 
sound  due  to  the  multiple  reflection  of  sound 
waves  between  several  surfaces  of  an  enclosure. 
It  is  one  of  the  most  common  acoustical  defects 
of  a  large  enclosure.  Its  duration  varies  directly 
with  the  time  interval  between  reflections  (the 
size  of  the  enclosure)  and  inversely  with  the 
absorbing  efficiency  of  the  Reflecting  surfaces. 
The  result  is  an  overlapping  of  the  original  sound 
and  its  images.  If  excessive,  reverberation  causes 
a  general  confusion  that  is<letrimcntal  to  speech 
intelligibility.  The  hangar  deck- of  an  aircraft* 
carrier  is  an  example  of  .  an  extremely 
•reverberant  area.  The  volume  is  large,  and  the 
hard  steel  interior  surfaces  offer  very,  little 
absorption  to  sound. 

If  a  single  loudspeaker  is  mounted  in  a  large 
reverberant  area,  such  as  a  hangar  deck,  the 
intelligibility  directly  in  front  of  the  loudspeaker 
is  satisfactory.  The  intelligibility  decreases 
rapidly  with  an  increase  of  either  the  distance 
from  the  loudspeaker  or  the  angle  between  the 
listener  and  the  loudspeaker's  sound  axis.  In 
other  words,  sound  from  a  loudspeaker  in  a 
reverberant  space  is  composed  of  direct  sound 
that  reaches  the  Hstener  directly  without  any 
reflection,  and  indirect  sound  that  ha.s  received 
at  least  one  reflection. 

Intelligibility  under  these  conditions  is 
related  to  the  ratio  of  direct  sound  to  indirect 
sound.  As  the  listener  moves  away  from  the 
loudspeaker,  the  ratio  of  direct  sound  to  indirect 
sound  at  the  listening  position  decreases,  and  the 
intelligibility  decrca.ses  correspondingly.  Hence, 
in  a  highly  reverberant  space  the  intelligibility 
decreases  with  distance  from  the  loudspeaker!. 

To  prevent  the  sound  from  becoming 
unintelligible  in  a  higlily  reverberant  space, 
several  speakers  can  be  installed  about  the  area 
rather  t'.ian  just  oiie.  -The  power  requirements 
remain  the  same;  one  25-watt  speaker  could  be 
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replaced  by  5  speal.ers,  each  consuming  5  watts. 
This  would  greatly  increase  the  direct-to-indirect 
sound  ratio.  ; 

JJ^TERFERENCE.-  Two  >  sound  ^yaves 
moving  thro!>gh  the  same  medium  at  the  same 
time  will  advance  independently,  each  producing 
the  same  disturbance  as  if  it  were  alone.. >The 

^  reisu^ant  of  the  two  waves  can  be  obtained  by 
"aMing  algebraically  the  ordinates  (instantaneous 
magnitudes)  of  the  component  waves.  . 
'  Two  sound  waves  of  the  same  frequency,  in 
phase  with  each  other  and  moving  in  the  same 
direction  are  additive.  The  resultant  wave  is 
phase  with,  and  has  an  amplitude  equal  to,  the 
sum  of  the  Con  ^onent  waves. 

Two  sound  %vaves  of  the  same  frequency,  'n 
phase  opposition  and  moving  in  the  same 
direction,  are  subtractive.  If  the  component 
waves  have  equal  amplitudes,  the  resultant  wave 
is  zero.  This  addition  or  subtraction  of  waves  is 
often  called  interference. 

Two  sound  Waves  of  slightly  difTere^i 
frequency  and  moving  in  the  same  direction 
produoi  a  beat  note.  If  the  two  waves  originate 
from  two  vibrating  sources  at  the  same  point, 
and  the  frequency  of  one  wave  is  one  vibration 
per  second  greater  than  that  of  the  other  at  a 

'  particular  instant,  the  sources  will  produce 
additive  disturbances  at  some  points  and 
subtractive  disturbances  at  some  other  points  on 
the  ^relative  positions  of  the  waves.  These, 
changes  will  continue  to  occur  as  long  as  the 
sources  are  kept  vibrating. 

Fhe  resultant  wave  T^^^ 
in  intensity  at  a  frequency  equal  to  tlje 
difference  ^between  the  original  frequencies  of 
the  component  waves.  The  difference  frequency, 
referred  to  as  the  beat  frequency,  produces  a 
type  of  pulsating  interference  particularly 
noticeable  in  sound  waves.  The  effect  of  beat 

^  frequency,  called  beats,  produces  alternately 
loud  and  soft  pulses  or  throbs.  The  effect  is 
most  pronounced  when  the  component  waves 
have  equal  amplitudes. 

STANDING  WAVES.-Two  sound  waves  of 

 jqual  frequency   and   amplitude   moving  in" 

opposite  directions  throiigli  the  same  medium 
may  produce  standing  waves.  Standing  waves  are 
set  up  by  the  reaction  of  the  two  waves  on  each 


other.  At  certain  points  they  are  in  phase  and  at 
other  points  they  are  180°  out  of  phase.  Because 
their  amplitudes  are  equal,  when  the  two  waves 
act  in  opposition  on  a  partide,  the  particle 
remains  motionless.  At  these  points  in  a  standing 
wave,  there. is  no  vibration  and  the  points  are  ^ 
called  nodes.  At  the  points  whei^  the  *wo  waves 
reinforce  each  other  they  produce  maximum 
vibrations  on  a  particle.  These  points  are  called 
antinodes.  The  distance  between  successive, 
nodes  (or  antinodes)  is  a  half  wavelength. 

RESONANCE.-Resonance,  '  or  sympathetic 
vibration,  is  a  common  problem  encountered  in 
acoustics.  It  is  somewhat  more  serious  than 
some  of  the  othef^ problems  discussed,  because 
the  possibility  exists  for  damage  to  equipment. 
Reverberation  and  resonance  are  frequently 
confused,  but  they  are  distinctly  different  in 
nature.  Reverberation  is  a  re.suK  oi  the  reflection 
of  sound  waves  and  of  the  interaction  between 
the  direct  and  reflected-sounri.  There  is  only  a 
single  source  involved.  In  resonance,  however, 
the  offending  object  becomes  a  sound  source 
under  certain  conditiotis.  This  may  be  explained 
,by  the  following  example:  ^  ■ 

Assume  that  the  natural  frequency  of 
vibration  of  a  ^zeel  shaft,  which  is  weighted  on 
one  end  and  held  firmly  on  the  other,  is  25 
vibrations  per  second.  Suppose  that  with  the 
system  a£  rest,  a  sound  ./ave  produces  a  force 
which  acts  on  the  shaft  with  a  to-and-frp  motion  - 
125  times  per  second.  This  force  sets  the  system 

vibrations  would  be  of  a  small  amplitude 
because  the  rod  and  weight  are  trying  to  vibrate 
at  their  natural  rate  of  only  25  vibrations  per 
second:  During  part  of  the  time  the  system  is 
resisting  the  driving  force.  The  motion  of  the 
system  in  this  case  is  called  a  forced  vibration. 

If  "the  force  is  slowed  from  125  vibrations 
per  second  to  its  natural  frequency  of  25 
vibratioiis  per  second,  the  amplitude  of  vibration 
becomes  very  large.  The  amplitude  will  build  up 
to  a  point  where  ihe  driving  force  is  enoug:h  to 
overcome  the  inertia  of  the  system,  when  these 
,co n d i t i qns_e2(isti_lbe__sy^tein--is^  said-to-bcHn — 
"resonance  with  the  driving  force,  and  sound 
waves  are  produced  by  this  vibration. 

A  common  example  of  resonance  is  found  in 
a  crystal  oscillator  circuit.  When  an  alternating 
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voltage  is  applied  to  a  crystal  that  has  the  same 
mechanical  (resonant)  frequency  as  the  applied 
voitage,  it  vibrates  and  only  a  small  applied 
yoltagf  is  needed  io  sustain  vibration.  In  turn, 
the  crysta?  generates  a  relatively  Jarge  voltage  at 
its  resonant  frequency. 


HEAT 

Heat  represents  a  form  of  ener!\  .  f.5icr:ifore, 
if  must  be  readily  exchangeable  .v.ih  o\ 
'convertible  into'  Olher  forms  of  cn:rgy.  The 
conversion  of  mechanical  energy  ii-o  heat 
through  friction  has  been  mentioned  pjcxfoudy. 
When  a  piece  of  lead  is  struck  a  sharp  blow  with 
a  hammer,  part  of  the  kinetic  energy  of  the 
hamrne.r  is  converted  into  heat.  In  the  core  of  a 
transformer,  electrical,  and  magnetic  energy  aro 
exchanged;  but  due  to.  hysteresis  and  edd}; 
currents,  some  of  the  energy  is  lost  as  hcai. 
These  are  some  examples  of  the  unwantet* 
conversions,  but  there  are  many  instances  when 
the  production  of  heat  is  desirable.  Many  devices 
are  used  almost  exclusively  to  produce  heat. 

Regardless  of  how  or  why  it  is  produced, 
heat  possesses  certain  characteristics  which  make 
it  important  to  the  technician.  A  knowledge  of 
the  nature  and  behavior  of  heat  may  prove 
helpful  in  understanding  the  operation  of  some 
types  of  clectripal  equipment  or  in  determining 
the  cause  of  nonoperation  or  faulty  operation  of 
others-. 


NATURE  OF  HEAT 

-  There  are  several  theories  regarding  the 
nature  of  heat,  none  of  which  satisfactorily 
explain  all  the  characteristics  and  properties 
exhibited  by  heat.  The  two  theories  most 
conVmonly  included  in  discussions  regarding  the 
TOt'ure  of  heat  are  the  kinetic  theory  and  the 
radiant  energy  theory. 

In  the^kinetic  theory  (mentioned  earlier  in 
this  chapter),  it  is  assumed  that  thr:  quantity  of 
lie.aLxcmtaiued4>y-a-4>odyHs-Tcfn-cscTiT^^  the 
total  kinetic  energy  possessed  by  the  molecules 
of  the  body. 

The  radiation  theoi^y  treats  radio  waves, 
heat,  and  light  as  the  same  general  form  of 
energy,  differing  primarily  in  frequency.  Heat  is 


considered  as  a  form  of  electromagnetic  energy 
involving  a  specific  band  of  frequencies  falling 
between  the  radio  spectrum  and  light. 

A  common  method  used  to  produce  heat 
energy  is  the  burning  '  process.  Burning  is  a 
chemical  prfi'cess  in  which  the  fuel  unites  with 
oxygen,  and  a  flame  is  usually  produced.  The 
amount  cf  heat  liberated  per  unit  mass  or  per 
unit  volume  during  complete  burning  is  known 
as  the  heat  of  combustion  of  a  substance.  By 
experiment,  scientists  have  found  that  each  fuel 
produces  a  given  amount  of  heat  per  unit 
quantity  burned. 

TRANSFER 

There    arc    three    methods "  op.  Jieat 
transfer-conduction,  convection,  aacjvradiation. 
In  addition   to   these   a  phenorheiron  called 
absorption  is  related  to  the  radiation  method. 

Conduction 

Jhe  metal  handle  of  a  hot  pot  may  burn  the 
hand;  a  pbstic  or  wooden  handle;'  however, 
remains  relatively  cool  even  .thougli  it  is  in  direct 
contact  with  the  pot.  This  "phenomenon  is  due 
to  a  property  of  matter  known  as  thermal 
conductivity.  All  materials  conduct  heat-some 
very  readily,  some  to  *an  almost  negligible 
extent.  Wheii  heat  is  applied  to  a  body,  the 
molecules  at  the  point  of  application  become 
violently  agitated,  strike  the  molecules  next  to 
them,  and  cause  increased  agitation;  The  proccs?:' 
continues  until  the  heat  energy  is  distributed 
evenly  throughout  the  material.  Aluminum  and 
copper  arc  used  for  cooking  pots  because  they 
conduct  heat  very  readily  to  the  food  being 
cooked.  Wood  and  plastic  ar*)  used  as  handles 
because  they  are  very  poor  conductors  of  heat. 
As  a  general  rule,  metals  arc  the  best  conductors 
of  heat,  although  some  metals  are  considerably 
better  than  others. 

Among  solids,  there  is  an  extreme  range  of 
^thermid  jimductivity^n-^^ 


the  metal  handle  transmits  heat  from  the  pot  to 
the  hand,  with  the  possibility  of  burns.  The 
wpoden  or  plastic  handle  does  not  conduct  heat 
very  well,  so  the  hand  is  given  some  protection. 
Materials  that  are  extremely  poQ£.conductors  are 
called  ^insulators''  and  are  used  to  prevent  heat 
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transfer.  Some  examples  are  the  wooden  handle 
of  soldering  irbns,  the  flndjRs'ijun  glass  or  rock 
wool  insulation  irf  houses^  or  the  asbestos  tape 
or  ribbon  wrapping  used  on  steani  pipes. 

Liquids  are  generally, poorer  conductors  than 
metals.  In  figure  4-12,  jiote  that  the  ice  in  the 
bottom  of  the  test  tube  has  not  yet  melted, 
although  the  wa  ter  at  the  top  is  boiling.  Water  is 
such  a  poor  h-^at  cpnduftor  t^att  the  rate  of 
heating  the  water  at/ the  top  of  the  tube  is  not 
sufficient  to  cause  rapid  melting  of  the  ice  at  the 
bottom.     ,  \  . 

Since  thermal  conduction  is  a  process  by 
which  molecular  energy  is  passed  on  by  actual 
contact,  gases  are  generally  even  poorer 
conductors  than  liquids  ^because  the  molecules 
are  farther  apart  and  molecular  contact  is  not  so 


pronounced. 

CT 

Convection 


\ 


T  Convection  is  the  process  in  which  heat  is 
transferred  by  movement  o{\  hot  fluid.  For 
example,  an  electron  tube  heco|Ties  hotter  and 


STEAM- 


Figure  4-1 2. -Water  is  a  poor 
conductor  of  heat. 


243.8 


hotter  until  the  air  sunounding  it  begins  to 
moye.  The  motion  of  the  air  is  upward  because 
heated  air  expands  in  volume  and  is  forced 
upward  by  the  denser  cool  air  surrounding  it. 
The  upward  motion  of  the  heated  air  carries  the 
heat  away  from  the  hot  tube  by  convection. 
Transfer  of  heat  by  convection  may  be  hastened 
by  using  a  ventilating  fan  to  move  the  air 
surrounding  a  hot  object.  The  rate  of  cooling  a 
cylinder,  of  an  air-cooled  engine  can  also  be 
increased  by  providing  fins  to  conduct  heat 
away  from  the  hot  cylinder.  The  fins  provide 
large  surfaces  against  which  cool  air  can  be 
blown. 

A  convection  process  may  take  place  in  a 
liquid  as  well  as  in  a  gas.  One  example  is  a 
transformer  in  an  oil  bath.  The  .hot  oil  is  less 
dense  (has  less  weight  ptr  unit  volume)  and  rises, 
while  the  cool  oil  falls,  is  heated,  and  rises  nn 

XUTXk.  .  ' 

When  the  circulation  of  gas  or  liquid  is  not 
rapid  enough  to  remove  sufficient  heat,  fans  or^ 
pumps  may  be  used  to  acceleriite  the  motion  of 
the  cooling  material.  In  some  installations, 
pumpS  are  used  to  circulate  water  or  oil'to  help 
cool  large  equipment.  Electric  fans  and  blowers 
are  sometime  used  to  aid  convection. 

Radiation  \ 

Conduction- and  convection  caTinot"wlrolly 
account  for  some  of  the  phenomena  that  are 
associated  with  heat  transfciv  For  example, 
heating  through  convection-  cannot  occur  in 
front  of  an  tJpen  fire  because  the  air  currents  arc 
moving  toward  theJ|ftiJ[L£imiiot-oc^-iif-thrmTgl^ 
coTTdlTction  because  the  conductivity  of  the  air  is 
very  low,  and  the  cooler  currents  of  air  moving 
•toward  the  fircMWOuld  more  than  overcome  the 
transfer  of  heat  outwardly.  Therefore,  heat  must 
.  travel*  across  space  by  some  means  other  than 
conduction  and  convection. 


-Thc-exisrence~oT  another  process  of  heat 
transfer  is  stifl  more  evident  when  the  heat  from 
tlje  sun  is  considered.  Since  conduction  and 
convection  take  place-only  through  molecular 
contact  within  some  medium,  heat  from  the  sun 
must  reacji  the  earth  by  some  other  method. 
(Quter  space  is  an  almost  perfect  vacuum.) 
Radiation  is  the  name  given  to  this  third  method 
by  which  heat  travels  from  one  place  to  another. 
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The  term  radiation  refers  to  the  continual 
emission  of  energy  from  the  surface  of  all 
bodies.  This  energy  is  known* as  radiant  energy. 
It  is  in  the  form  of  electromagnetic  waves  and  is 
identical  in  nature  with  light  waves,  radio  waves, 
and  X-rays,  except  for  a  o  difference  in 
wavelength.  Sunliglit  is  a  form  of  radiant  heat 
energy  which  travels  great  distances  through 
cold,  empty  space  to  reach  the  earth.  These 
electromagnetic  heat  waves  are  absorbed  when 
they  come  in  contact  with  nontransparent 
bodies.  The^nct  result  is  that  the  motion  of  the 
molecules  in  the  body  is  increased,  as  indicated 
by  an  increase  in  the  temperature  of  the  body. 

Tlie  difference  in  conduction,  convection, 
and  radiation  are  as  follows: 

1 .  Although  conduction  and  convection  are 
extremely  slow,  ra'liatibn  takes  place  with  the 
speed  of  light.  This  fact  is  evident  at  the  time  of 
an  eclipse  of  the  sun  when  the  shutting  off  of 
the  heat  from  the  sun  takes  place  at  the  same 
time  as  the  shutting  off  of  the  light. 

2.  Radiant  heat  may  pass  through  a 
medium' without  heating  it.  Forexampl(j>thc  air 
iii.jide  a  greenhouse  may  be  much  warmer  than 
the  glass  through  which  the  sun's  rays  pass. 

'  3.  Although  conducted  or  convected  heat 
may  travel  in  roundabout  routes,  radiant  heat 
alwayr'  travels  in  a  straight  line.  For  exampje, 
rdIii^i»on  can  bc^nLTiit  off  witli~a  screen  placed 
betwern  'he  source  of  heat  and  the  body  to  be 

/a.vx)rpJon — 

The  sun,  a  fire,  ^ind  an  electric  ligh/bOl.b  al! 
radiate  energy,  but  a  body  need  not  glow  to 
give  off  heat.  A  kettle  of  hot  water  or  a  hot 
soldering  iron  radiates  heat.  If  the  surface  is 
polislied-or  iight"  in  color,  Jess  heat  is  radiated. 
Bodies  which  do  not  r^^flect  aa?  good  radiators 
and  good  absorbers,  and  bodies  that  reflect  are 
poor  radiators  and  poor  absorbers.  This  is  the 
reason  white  clothing  is  worn  in  the  summer,  A 
practical  example  of  the  control  of  heat  is  the 
The[:mps  bottle.  The  flask  itsjelf  is  made  of  two 
walls  of  "silvered"  glass  with  ja  vacuum  between 
thern.  The  vacuum  prevents  the  loss  of  heat  by 
conduction  and  convection,  and  the  ''silver'' 
coating  prevents  the  loss  of  heat  by  radiation. 


The  silver-^olpred  bronze  paint  on  the 
'^radiators"  in  limiting  systems  is  used  only  for 
decoration  and  d^reases  the  efficiency  of  hejjf 
transfer.  The  mos^  effective  color  for  heat 
transfer  is  dull  black;  dull  black  is  the  ideal 
absorber  and  also  the  best  radiator. 

MEASUREMENT  OF  HEAT 

.  A  unit  of  heat  must  be  defined  as  the  heat 
necessary  to  produce  some  agreed-on  standard 
-of  change.  There  are  three  such  units  in  common 
use  as  follows: 

1.  One  British  thermal  unit  (Btu)  is  the 
quantity  of  heat  necessary  to  raise  the 
temperature  of  1  pound  of  water  I'^F.  ^ 

2.  One  gram-calorie,  (small  calorie)  is  the 
quantity  of  heat  necessar>'  to  raise  1  gram  of 
water  fC. 

3.  One  kilogram-calorie  (large  calorie)  is  the 
quantity  of  heat  necessiiry  to  raise  1  kilogram  of 
water  I'^C.  (One  kilogram-calorie  equals  1,000 
gram-calories.)  The  gram-calorie  or  small  calorie 
is  much  more  widely  used  than  .the 
kilogram-calorie  or'  large  calorie.  The  large 
calorie  is  used  in  relation  to  food  energy  and  for 
measuring  comparatively  large  amounts  of  heat. 
Throughout  this  discussion,  unless  otherwise 
stated,  thej^rn  calorieZineans  ^nm-^''^^^"fv  Fnr 
purposes  of  conversion,  one  Btu  equals  252 
gram-calories  or  0-252  kilogram-Ciiloric.  

The  terms  quantity  of  heat  and  temperature 
are  commonly  misused.  The  distinction  between 
them  should  be  understood  ,cj^*arly.  For 
example,  suppose  that  two  identical  pans,- 
containing  'different  amounts  of  water  of  the 
same  teniperalure,  are  placed  over  identical  gas 
burner  llames  for  the  same  length  of  time.  At 
the  end  of  that  time,  the  smaller  amount  of 
water  will  have  reached  a  higher  temperature. 
Equal  amounts  of  heat  have  been  supplied,  but 
the  increase  in  temperatures  is  not  equal.  As 
.  another  example,  suppose  that  the  water  in  both 
pans  is  at  the  same  temperature,  say  80°F,  and 
both  are  to  be  heated  to  the  boiling  point.  It  is 
obvious  that  more  heat  must  be  supplied  to  the 
larger  amount  of  water.  The  temperature  rise  is 
the  same  for  both  pans,  but  the  quantities  of 
heat  necessary  are  different. 
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Mechanical  Equivalent 

Mechanical  energy  is  usually  expressed  in 
ergs,  joules,  or.  foot-pounds.'  Energy  in  the  form 
"  of  heat  is  expressed  in  calories  or  in  Btus.  In  a 
precise  experiment  in  which  electric  eneiigy  is 
converted  into  heat  in  a  resistance  wire 
immersed  in  water,  the  results  show  that  4.186 
joules  equals  1  gram-calorie,  or  that  778 
foot-pounds  equals,  1  Btu.;.  The  following 
equation  is  used  when  converting  from  the 
English  system  to  the  metric  system: 

1  Btu  =  252  calories 

Specific  Heat 

One  important,  way  in  which  substances 
differ  from  one  another  is  that  they  require 
different  quantities  of  heat  to  produce  the  same 
temperature  change  in  a  given  mass  of  substance. 
The  specific  heat  capacity  of  a  substance  Is  the 
quantity  of  heat  needed,  per  unit  mass,  to 
injcrease  the  temperature  1°C.  The  specific  heat 
of.  a  substance,  is  the  ratio  of  its  specific  heat 
capacity  to  the  specific iieat  capacity  of  water. 
Specific  hc^t  is  expressed  as  a  number  which, 
because  it  is  a  ratio,  has  no  units  and  applies  to 
both  the  English  and  the  metric  systems. 

 Wutiii^has— a-^Hgh-^peeific^teiit-capic^ 

Large  boclics  of  water  on  the  cartel  keep  the  air 
and  the  surface  of  the- earth  at  a  fairly  constarif" 
temperature.  A  great  quantity  of  heat  is  required 
to  change  the  temperature  of  a  large  lake  or^ 
rivefi  Therefore,  when  the  temperature  of  the  air 
falls  below  that  of  such  bodies  of  water,  they 
give  off^ large  quantities  of  heat  to  the  air.  This 
process  keeps  the  atmospheric  temperature  at  the 
surface  of  the  earth  from  changing  very  rapidly. 

TEMPERATURE 

If  an  object  is  hot  to  the  touch,  it  is  said  to 
have  a  '^high''  teinpcrdture;  if  it  is  cold  to  the 
touch,  it  has  a  **low'\  temperature.  In  other 
words,  temperature  is  used  "as  a  measure  of  the 
hotness  or  coldness  of  an  object  being  described. 
However,  hotness  and  coldness  arc  only  relative. 
F,OT  example,  on  a  cold  day,  riietals  seem  older 
to  the  touch  than  nonmetals  because  they 
conduct  heat  away  from  the  body  more  rapidly. 


Also,  upon  leaving  a  warm  room,  the  outside  air 
seems  cooler  than  it  really  is.  Going  from  the 
outside  cold  into  a  warm  room,  the  room  seems 
warmer  than  it  really  is.  -In  other  words,  the 
temperature  a  person  feels  depends  upon  the 
state  of  his  body. 

Thermometers 

The  measurement  of  temperature  is  known 
as  THERMO^METRY.  Many,  mode'ri? 
thermometers  use  liquids  in  sealed  containers. 
Water  was  the  first  liquid  used;  but  because  it 
freezes  at  0°C,  it  could  not  measure  temperature 
below  that  point.  After  much  experimentation, 
scientists  decided  that  the  best  liquids  to  use  in 
the,  construction  of  thermometers  are  alcohol 
and  mercury  because  of  the  low  freezing  points 
of  these  liquids. 

LIQUID.  THERMOMETERS. -The 
construction  of  "  the  common  laboratory 
thermometer  gives  some  idea  as  to  the  meaning 
of  a  change  of  1°  in  temperature.  A  bulb  is 
blown  at  one  end  of  a  piece  of  glass  tubing  of 
small  bore.  The  tube  and  bulb  are  then  filled 
with  Jhe  liquid  to  be  used.  The  temperature  of 
both  the  liquid  and  the  tube  during  this  process 
are  kept  at  appoint  higher  than  the  thermompff»r 
"will  reach  in  normal  usage.  The  glass  tube  is  then 
scaled  and  Jhe  thermometer  is  allQwi^d-tr^-cnQl^ 
During  the  cooling  process,  the  liquid  falls  away"* 
from  the  .top  of  the  tube  and. creates  a  vacuum 
within  the  thermometer. 

For  marking,  the  thermometer  is  placed  in 
melting  ice.  The  height  of  the  liquid  column  is 
qiarked  as  the  0°C  point.  Next,  the  thermometer 
is  placed  in  steam  at  a  pressure  of  76  centimeters 
of  mercury,  and  a  mark  is  made  at  that  point  to 
which  the  liquid  inside  rises:  that  is,  the  boiling 
point  or  the  \OQ°C  mark.  The  space  between 
these  two  marks  is  theri  divided  into  lOG  equal 
P'4Lt_s.._Jhese  spacings  are  known  as  DEGREES. 
It  is  this  type  of  thermometer  that  is  used 
almost  "exclusively  in  laboratory  work  M}d  in 
testing  equipment.  It  is  known  as  the  CELSIUS 
thermometer. 

In  English-speaking  countries,  the 
FAI^RENHEIT  thermometer  is  commonly  used 
for  other  than  physical  or  chemical  laboratory 
purposes»  The  freezing  point  is  marked  32°  and 
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the  boiling  point  is  marked  212°.  The*  space' 
between  these  marks  is  divided  into  180  equal 
pSrtsV  These  Avision  are  degrees  Fahrenheit, 
named'after  the  scientist  who  made  the  first 
thermometer  of  this  type;  In  the  U.S.  weather 
reports  and  room  temperatures  are  given  in 
degrees  Fahrenheit. 

^  TEMPERATURE  CONVERSION.-There 
are  two  systems  of  temperature  .urement;  it 
is  frequently  necessary  to  convert  from  one  to 
the  other.  The  range  on  the  Celsius  thermometer 
from  the  freezing  point  to  the  boiling  point  is 
100°C,  and  the  same  range  on  the  Fahrenheit 
thermometer  is  180°F.  Thus,  over  the  same 
temperature  range,  the  liquid  moves  180 
divisions  on  the  Fahrenheit  scale  for  every  100 
divisions  on  the  Celsius  scale.  A  change  of  5°  on 
the  Celsius  scaleV  therefore,  is  equal  to  a 
change  of  9°  on  the  Fk|irenheit  scale.  (The  ratio 
100/180  reduces  to  5/9^,),  Because  zero  on  the 
'Celsius  scale  coiresponds  to  32°  on  the 
Fahrenheit  scale,  a  difference  in  reference  points 
exists  between  the  two  scales.  (See  fig.  4-13.) 

To  convert  from  the  Fahrenheit  scale  to  the 
Celsius  scale,  subtract  the  32°  difference  and 
multiply  the  result  by  5/9.  As  an  example, 
/convert\^8°  Fahrenheit  to  Celsius— 


(68  -  32) 


X  36  =  20°C 


To  convert  Celsius  to  Fahrenheit,  the  reverse 
procedure   is   necessary.    First    multiply  the 
reading  on,^the  Celsius  the/mometer  by  9/5  and 
•then  add  32  to  the  result- 


y(20)  +  32: 


36  +  32  =  68°F 
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Figure  4-13.— Fahrenheit  and  Celsius 
thermometers. 


in  going  from  Fahrenheit  to  Celsius,  use  the 
smaller  ratio. 


One  way  to  remember  when  to  use  '9/5  and 
when  to  use  5/9  is  to  keep  in  mind  that  the 
Fahrehl\eit  scale  has  more  divisions  than  the 
Celsius  scale.  In  going  from  Celsius  to 
Fahrenheit,  Multiply  by  the  ratio  that  is  larger; 


Another  method  of  temperature  conversion 
which  uses  these  same  ratios  is  based  on  the  fact 
that  the  Fahrenheit  and  Celsiys  scales  both' 
register  the  same  te^mpeiuture  at  -40°:  that  is, 
-40°F  equals  -40°C.  Tliis  method  of  conversion, 
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sometimes  called  the 
follows: 


MO  rule,"  proceeds  as 


1.  Add  40  to  the«tcmpefature  which  is  to 
be  converted.  Do  this  whether  the  given 
temperature  is  Fahrenheit  or  Celsius. 

2.  -  Multiply  by  9/5  when  changing  Celsius 
to  Fahrenheit;  by  5/9'when  changing  Fahrenheit 
to  Celsius. 

3.  ^  Subtract  40  fromMh(>  result  of  step  2. 
This  is  the  answer.  y 

As  an  example  to  "^shqw  how  the  40  rule  is 
used,    convert    100°C.to    the  equivalent 
'Fahrenheit  temperature: 


100  +  40  =  140 
140.x  9/5---252 
252-40=  212 


Tlierefore.  100°C  =  212°F.  Remember  that  the 
multiplying  ratio  for  converting  F  to  C  is  5/9, 
rather  than  9/5.  Also  remember  ta.always  ADD 
40  first,  then  multiply,  then  SUBTRACT  40, 
regardless  of  the  direction  of  the  conversion. 

It  is  important  that  all  technicians  be  able  to 
read '  thermometers  and  to  Convert  from  one 
scale  to  the  otherf  fn  some  types' of  aviation 
support  equipment,  the  thermometers  are 
provided  as  a  check  on  operating  temperatures. 
Tliemiometers  are  also  used  to^  check  the- 
temperature  of  a  charging  battery.- 


'  SOLID  THERMOMETERS.-Because  the 
range  of  all  liquid  thermometers,  is  extremely 
limited,  other  methods  ,  of  thermometry  are 
necessary.  Most  liquids  freeze  at' temperature 
between  0°  and  -200°  Celsius.  At  the  upper  end 
of  the  temperature  range  where  high  beat  levels 
are  encountered,  the  use  of  liquid  thermometers 
is  limited  by  the  high  vapor  pressures  of  those 
liquids.  Among  the  most  widely  used  types  of 
thermometers  other  than  the  standard  liquid 
tliermometers  are  the  resistance  thermometer 
and  the  thermocouple.      *    'V  • 

The  RESISTANCE  THERMOMETER  makes 
use  of  the  fact  that  the  resistance  of  metals 
changes  as  the  temperature  changes.  (Refer  to 
Basic  Electricity,  NAVEDTRA  10086  (Series.) 
This  type  thermometer  is  usually  constructed  of 
platinum  wire  wound  on  a  mica  form  and 
enclosed  in  a  i  thin-walled  silver  tube.  It  is 
extremely  accurate  from  the  lowest  temperature 
to' the  melting  point  of  the  unit. 

The  THERMOCOUPLE  shown  in  figure  4-14 
is  essentially  an  electric  circuit.  Its  operation  is 
based  on  the  principle  that  when  two  unlike 
metals  are  joined  and  tlie  juniUjoii  is  at  a 
^different  temperature  from-the  remainder  of  the 
circuit,  an  electromotive  force  is  produced.  This 
electromotive  force  can  be  measured  with  great 
accuracy  by  a  galvanometer. Thermocouples  can 
bo  located  wherever^  measurement  of  the^ 
temperature  is  important  and  wires  run  to  a 
galvanometer  located  at  any  convenient  point. 
By  means  of  a  rotary  selector  switch,  one . 
galvanometer  can  read  the  temperature  at  any  of 
•ii'number  ofT:^idely  separated  poinll 


CHROMEL 


COPPER 


TO 

GALVANOMETER 


Figure  4-14. —Thermocouple. 
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Theimal  Expahaon 

Nearly  all  substances  expand  or  increase  in 
size  when  their  temperature  increases.  Railroad; 
tracks  are  laid  ^  with  small  gaps^  between  the 
sections  to  prevent  buckling  when  the 
temperature  increases  in  summer.  Concrete 
pavement  has  strips  of  soft  material  inserted  at 
intervals  to  prevent  buckling  when  the  sun  heats 
the  r9adway.  A  steel  building  or  l^ridge  is  put 
together  with  red-hot  rivets  so  th^'t  when  the 
rivets  cool'  they  will  shrink  and  the  separate . 
pieces  will  be  pulled  together  very  tightly. 

A  '  substance  is  expanded  by  heat,  the 
weigl  ei  unit  volume  decreases.  The  reason  is 
that  mc  .weight  of  the  substance  remains  the 
same  while  the  volume  is  increased  by  the 
application  of  heat.  Thus  the  density  decreases 
with  an  increase  in  temperature. 

Experiments  show  tliat  for  j^^given  change  in 
temperature,  the  change  ia^Wi'gth  or  volume  is 
different-  for  each  snbsfancc*  For  example,  a 
given  changtf  in  temperature  causes  a  piece  of 
copper  to  expand  nearly  twice  as  much  as  a 
piece  of  glass  cl  the  same  size  and  shape.  For 
this  reason,  Iht'  lead  wires  into  an  electronic 
tube  cannot  be  nia9e  of  copper  but  must  be 
made  of  a  metal  that  expands  at  the,same*rate  as 
glass.  If  the  metal  does  not  expand  at  the  same 
rate  as  the  glass,  the,  vacuum  in  the  tube  is 
broken  by  air  leaking  past  the  wires  in  the  glass 
stem.  The  metal  usually  used  for  this  purpose  is 
an  alloy  called  **Covar." 

The  amount  that  a  unit  length  of  any 
substance  expands  for  a  l°rise  in  temperature  is 
known  as  the  coefficient  of  linear  expansipii  for 
that  substance. 

COEFFICIENTS  OF  EXPANSlON.^To 
estimate  the  expansion  of  any  object;  such  as  a 
steel  rail,  it  is  necessary  to  know  three  things 
about  i*-its  length,  the  rise  in  temperature  to 
which  it  IS  subjected,  and  its  Vate  or  coefficient 
of  expansion.  The  aiipunt  of  expansion  is 
expressed  by  the  following  equation:  - 

expansion  =  coefficient  x  length 
x  rise  in  temperature 
.     c  =  kl  (t-)  ~  ti)  * 
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In  this  equation,  the  letter  ^k  represents  the 
coefficient  of  expansion  for  the  particular 
substance.  In  some  instances,  the  Greek  letter  a 
(alpha)  is  used  to  indicate  tlie  coefficient  of 
linear  expansion. 

PROBLEM:  If  a  steel  rod  measures  exactly  9 
-  feet  at  21:^C,  what  is  its.  length  at  55°C?-(The 
coefficient  of  linear  expansion  for  steel  is  10  x 
10'^.)  If  the  equation  e  =  kl  (t2  -  ti.)  is  use.d, 
then  .   .  • 

••e  =  ()Ox  10-6)x9x(55-21)  . 

e  =  0,00001  Ox  9.x  34 

•         .    e  =  0.00306 

This  amount,'  when  added  to  the  original 
^  length  of  the'  rod,  makes^the  rod  9.00306  feet 
long.  (Since  the  temperature  has  increased,  the 
rod  is  longer  by  the  amount  of  e.  If  the 
temperature  had  been  lowered,  the  rod  would 
have  become  shorter  by  a  corresponding" 
amount.) 

The^  iacxease  in  the  length  of  tfie  rod  is 
relatively  small;  but  if  the  rod  were  placed  where 
it  could  not  expand  freely,  there  would  be  a 
tremendous  force  exerted  due  to  thermal 
expansion.  Thiis,  thermal  expansiqn  must  be 
taken  into  consideration  when  designing  ships, 
buildings,  and  all  forms  of  machinery. 

Since  the  coefficient  of  linear  expansion  is 
defined  as  the  change  iuvunit  length,  its  value 
does  not  depend  upon  any  particular  length 
unit.  Its  value,  however,  does  depend  upon  the 
size  of  the  degree  used  to  measure  the 
temperature  change.  Table  4-2  gives  the  value  of 
the  co(^fficient  of  linear  expansion  of  several 
substances  per  Celsius  degree.  Tlie  coefficient  of 
expansion  per  Fahrenheit  degree  will  be  just  5/9 
as  much. 

'  A  practical  application  for  the  difference  in 
the  coefficients  of  linear  expansion  is  the 
thermostat.  This  instrument  comprises  two 
strips  of  dissimilar  metal  fastened  together. 
Wlicn  the  temperature  changes,  a  bending  takes 
place  due  to  the  unequal  expansion  of  the 
metals,  (fig.  4-15J.  Thermostats*  are  used  in 
overload  rrelays  for  motors',  in 
temperature-sensitive  switches,  and  in  electric 
ovens.  (See  fig.  4-16.^  ^ 
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Table  4*2.— Expansion  coefficients 
^(per  Celsius  degree) 


COMPOUND 
BAR 


Substance 

Coefficient  of 
linear  expansion 

Altiminum 

24  X  10'^ 

Brass 

J? 

20  X 10'^          \  < 

Copper 

14x10'^ 

Glass 

4  to  9  X  10"^        ,  V> 

C^var 

4  to  9  X  10"^ 

^teel 

10x10'^ 

^Quartz  ■» 

0.4  X 10"^ 

Zinc 

26x10"^ 

£tt€TiHCWr 
CONTAaS 


TEMPERATURE 
CONTROL  " 


243.19 


Figure  4-16.— Thermostat. 


The  toefficient  of  surface  or  area  expansion 
is  approximately  twice  the  coefficient  of  linear 
expansion.  The  coefficient  of  volume  expansion 
is  approximately  three  times  the  coefficient  of 
.linear  expansion.  It  is  interesting  to  note  that  in 
a  plate  containing  a  hole,  the  area  of  the  hole 
expands  at  the  same  rate  as  the  surrounding 
material.  In  the  case  of  a  volume  enclosed  by  a 


BRASS ^ 


BEFORE  HEATING 


8R^S^ 


AFTER  HEATING 


243.18 


Figure  4-15.— Compou^nd  bar. 


thin  solid  wall,  the  volume  expands  at  the  same 
rate  as^  would  a  s© lid  body  of  the  material  of 
which  the  walls  are  made. 

CHANGE  OF  STATE 

A  thermometer  placed  in  melting  snow 
behaves  in  a  strange  manner.  The  temperature  of 
the  snow  rises  slowly  until  it  reaches  0°C. 
Provided  that  the  mixture  is  stirred-constantly,  it 
remains  at  that  point  until' all  the  snow  has 
changed  to  water;  when  all  the  snow  has  melted, 
the  temperature  again  begins  to  rise.  A  definite 
amount  of  heat  is  required  to  change  the  snow 
to  water  at  the  same  ttMnperature.  This  heat  is 
required  to  change  the  water  from  crystal  form 
to  liquid  form.  \ 

Heat^of  Fusion      ^      ■  ■ 

Eiglity  gram-calories  of  heat  are  required  to 
change  1  gram  of  ice  at  0°C  to  water  at  0°C.  In 
English  units,  the  heat  requia^d  to  change  1 
pound  of  ice  at  i|^2°F  to  water  at  32°F  is  144 
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Btus.  These  values  are  called  the  HEAT  OF 
FUSION  of  water.  The  heat  used  while  the  ice  is 
melting  represents -the  work  done  to  produce  the 
change  of  stg^te.  Since  80  calories  are  required  to 
change  a.  gram  of  ice  to  water  at  0°C,  when  a 
grain  of  water  is  frozen  it  gives  u^  80  calories. 

Many  substances  behavft  ^ery  much— 4lk<^ 
"water.  At'  a  giveh  pressure,  they  have  a^efinite 
heat  of  fusion  and  an  exact  melting  point.  There 
are  many  rpaterials,  however,  which  do^^not 
change  from  a  liquid  to  a  solid  state  at  phe^. 
temperature.  Molasses,  for  example,  becomes  " 
thicker  and  thicker  as  th^temperature  decreases; 
but  there  is  no  exact  temperature  at  which  the 
change  of  state,  occurs.  Wax,  celluloidTrray,  and" 
glass  are  other  substances  which  do  not  change 
from  a  liquid  to  a  solid  state  at  any  particular 
temperature.  In  fact,  measurements  of  the  glass, 
thicknoss  at  the  bottom  of  windows  in  ancient 
cathedrals  tend  to  indicate  that  the  glass  is  still 
flowing  at  an  extremely  slow  rate.  Most  types  of 
Solder  used  in  electrical  maintenance  also  tend 
td^bcrome  mushy  before  melting. 

Heat^of  Vaporization 

Damp  ciuthing  dries  rapidly  under  a  hot 
flat-iron  but  ;.ot  iftider  a  .cold  one.  A  pool  of 
water  evaporators  more  rapidly  in  the  sun  than  in 
the  shade.  Thus,  it  may  be  concluded  that  heat  * 
has  something  to  do  with  evaporation.  The 
^process  of  changing  a  liquid  to  a  vapor  is  similar 
^o  that  which  occurs  when  a  solid  jnelts. 

If  a'given  quantity  of  water  is  heated  until  it 
evaporates—that  is,  changes  to  a  gas  (vapor)-"a 
much  greater  amount  of  heat  is  used  than  that 
which  is  necessary  to  raise  the  same  amount  of 
•  water  to  the  boiling  point.  For  example,  several 
hundred  calories  are  required  to  change  1  gram 
of  water  to  vapbr  at  a  given  temperature.  It 
takes  972  Btus  to  change  1  pound  of  water  at 
lll^'F  to  water  vapor  (steam)  at  212''F.  The 
amount  of  heat  necessary  for  this  change  is 
called  the  LATENT  HEAT  OF 
VAPORIZATION  of  water.  Over  five  times  as 
much  heat  is  required  to  change  a  given  amount 
of  water  to  vapor  than  to  raise  the  same  amaunt 
of  water  from  the  freezing  to  the  boiling  point. 

BOILING. -When    water   is  heated,  some 
vapor  forms  before  the  boiling  point  is  reached. 


The  change  from  water"  to  vapor  occurs  as 
follows:  As  the  water  molecules  take  up  more 
and  more  energy  from  the  heating  source,  their 
kinetic  energy  increases.  The  mation  resuUing 
from*  the  high  kinetic  energy  _pf  the  water 
molecules  causes  a  pressure  which  is  called  the 
—vapor  pressure.  As  the  velocity  of  the  molecules 
increases,  the  vars  r  nressure  increaf^es.  At  sea 
level,  atmosphem.  --^essure  is  normally  29.92 
inches  of  mercury,  iiie  boiling  poiiit  of  a  liquid 
is  that  temperature  at  which  the  vapor 
pressure  equals  the  external  or  atmospheric 
pressure.  At  normal  atmospheric  pressure ^at. sea 
level,  the  boiling  point  of  water  is  100°C  or 
212''i^\ 

Whil(i  the  water  is  belpw  the  boiling  point,  a 
number^-  of  molecules  acquire  enough  kinetic 
energy  to  break  aw£(y  from  the  liquid  state  into 
vapor.  For  this  reason  some  evaporation  slowly 
takes  place  below  the  boiling  point.  At  the 
boiling  point  ^or  above,  large  numbers  of 
molecules  have  enouglf^nergy"  to  change  from 
liquid  to  vapor  and  the  evaporation  takes  place 
much  more  rapidly. 

If  the  molecules  of  \yater  are  changing  to 
water  vapor  in  an  open  space,  the  air  currents 
carry  them  away  quickly.  In  a  closed  container, 
they  rapidly  become  crowded  and  srffne  of  them 
bounce  back '  into  the  liquid  as  a  result  of 
collisions.  When  as  many  molecules  are  returning 
to  the  liquid  state  as  are  leaving  it,  the  vapor  is 
said  to  b*e  saturated.  Experiments  have  shown 
that  saturated  vapor  in  a  closed  container  exerts 
a  pressure  and  has  a^  given  density  at  every 
temperature. 


ELECTRICITY 

The  following  discussion  is  intended  as  an 
introduction  only.  For  further  details 
concerning  specific  topics,  trainees  are  urged  to 
review  Basic  Electricity.  NAVEDTRA  10086 
(Series),  as  outlined  in  the  following  list: 

1 .  Conductivity  -  chapter  2.  ■ 

2.  Magnetism-chapter  8.  * 

3.  Instruments-chapter  15. 

4.  Generators-chapters  I  6  and  18. 
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VOLTAGE  PRODUCED 
BY  MAGNETISM 

/  A  magnet  has  hnes  of  force  between  the 
poles  (fig.  4-17).  These  lines  of  force  are  in  a 
definite  direction  and  essentially  coTnplete  the 
circuit  of  the  lines  of  force  that  travel  through 
the^  metal  of  the  magnet  to  the  north  pole  of  the 
magnet.  Since  there  is  no  metal  for  a  complete 
circuit,  the  lines  of  magnetic  force  travel  ■ 
through  the  air  to  the  south  pole  of  the  magnet, 
completing  the  circuit.  Magnetic  flux  is  the 
entire  quantity  of  magnetic  lines  surrounding,a 
magnet.  Flux  in  a  magnetic  field  circuit 
corresponds  to  current  in  an^ekctrical  "circuit, 
though, magnetism  itself  is  not  a  stream  of 
particles  in  motion  as  is  a  current  of  electricity 
but  is  a  field  of  force  in  space. 


BAR  MAGNET 
(A) 


HORSESHOE  MAGNET 
(Bf 


'  ^  227.19 
Figure  4-17.— Magnetic  lines  of  force. 


When  a  conductor  cuts  (moves  across)  the 
lines  of  force ^  of  a  magnet,  a  current'  of 
electricity  is/produced  in  the  Conductor.  This  is 

•  Called  magnetic  induction.  In  ^n  automobile 
generaxor,  this  principle  is  used  to  produce 
electricity  to  fire'  the  spark  plugs,  charge  the 
battery, -and  operate  the  electrical  system.  The 
outside  of  the  generator  is  an  electromagnet 
which  has  a  magnetic  field  (ctn  electrornagn(?t  is  a 
magnet  produced  by  ah  electric  current);  The 
i^iside-of  the  generator  (armatur^  is  tamed  by 
mechanipai  jneans  and  cuts  the  magnetic  lines  of 
force  crjsating^^  current.  This  current  is  earned 
from  the  arm^d|in|fby  Ijrushes  that  ajixi  stationary 
but  in  contact  withlhe  rotating  commutator. 

'•v.hi  .figure:  ^^18  (A)i  the  commutator  is  made 
up  of  two  solid  rings.  As  the  arm^nturc  turns, 
eaclvwke  in  it  moves  up  acrpss  the  magnetic 
ijeW  ^'at  -one— ihstaj)^^  ais  the  armature 

completes  one  reyojutioh,  it  then* moves  down 

-  through  the  field  the-^next  instant^  causing  the 
current  to  flow  first  iff  one  direction  and  then  fn 
the  opposite  direction.  This  is'  alternating 
current  (ac).  In  figure  4-18  (B)  the  eomrnutator 
is  of  the  split  ring  ty^,  so  positioned  that  when, 
the  wires  in  the  anhature  rotate  within  the 
nuj^metic  field  only  half  of  the  produced  current 
is  delivered.  Then,  instead  of.  the  current 
changing  direction  as  •  it  does  :in  an 
alternating-current  geaerator,  it-  loaves  the 
direct-current  j^ene'rator  as  a  .-steady 
(nonreversing)  flow  of  electricity  oT  d'\i;ciX 
"current  (dc). 

'Some  of  the  electric  current  is  uscd^  to 
recharge  the  lead-acid  .  battery.  The  batteiy 
consists  of  three  or  more  wet  cell$  connected 
together  in  a  container.  Through  chemical  action 
wiihin  the  battery,  an  electric  curreht  '  is 
produced..  Tliis  electricity  is  used  to,  start  t fife 
engine.  After  the  engine  is  started,  the  generator 
supplies  electricity  to  fire  the  spark  plugs  of  the 
gasoline  engine  and  operate 'the  electric  system. 
Some  of  the  current  from  the  generator  enters 
the  battery  in  a  reverse  direction  from  the 

— battery^roduccd — current — and — reverses— the- 
chemical,  action  within  the  battery  so  that  the 
battery  can  again  produce  enough  electrical 
current  '  for  the  ^  needs  '  of  the  cingine  and 
associated  systen  ^.  A  voltage  regulator  controls 
the  input  of  current  from  the  generator  to  the 
battery  so  that  only  enough  current  enters  the 
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COMMUTATOR 


A-C 
BRUSHES 


SPLIT  RING 
COMMUTATOR 


D-C 
BRUSHES 


(B) 


2ZIM 


.  Figure  4-18.— (A)  Alternating  current  generator; 
(B)  direct-current  generator  commutator. 


battery  to  complete  the  reverse  chemical  action 
and  not  enough  to  overcharge  the  battery  and 
cause  damage  to  it. 


^LtCTRIC  CURRENT 
AND  CONDUCTORS  ^ 

In  the  eariy  part  of  this  chapter,  the  electric 
bal^anite  of  an  atom  was' explained.  This  will  be 
^used  as  a  basis  to  determine  how  an  electric 

» current  is  carried  %  a  Qonductor.  ... 

When  an  electric  current,  as  produced  by.  a 

'generator,* is  applied  to  ari  electric  conductor 
(such  as  a  copper  wirp),:  electrons  in  the  duter 

<  orbits  of  .the  ^copper  atoms  are  forced  out  of 
orbit.  Each  electron  moves  a  short  distance  to 
the  neighboring  atom  where^  it  replaces  an 
electron  of  this*  neighboring  atom  by  forcing  it 
out  of  its  orBit.  This  happens  tb  most  of  the 


/ 


atoms  of  topper  in  the  end  of  .  the  copper  wire 


where  the  current  is  inHuced.  The  replaced 
electrons  repeat  the  process  to  other  atoms* 
^  along  ttie  wife  until  the  rifevement  is  transmitted .. 
through  the  entire  lengtii  of  the  wire  conductor, 
thereby  carrying  the  ourrent  the  length  of  the 


wire* 


greatqr  the  number  of  electrons  in^  a 
material  that  can  be- made  to  move  under  the 
application  of  an  induced  current,  the  betier  are 

.  .  *the  conductive  qualities  of  that  material.  Copper 
wire  meets  this  requirement  while  not  being  too 
costly  to  produce.  ' 
*     The  pAitohs  oiF  the-^toms  of  copper  do  not 
move  to  other  atoms  because  they  are  extremely  , 
heavy  compared-  to- the  electrons  of  atoms  of 
copper.  For  example,  a  proton  of  the  lightest' 
element,,  hydrolen,.  is   approximately  .1,850 
times  as  heavy  as  a  hydrogen  electrbn.  Thus, 
when  the.  electric  current"  is  induced  into  the 
conduGtpr,  it  is  the  lightelectron  that  moves  the 
current  atoiigthe  conductor. 

An  electric  circuit  is  a  complete  path 
thr9ugh  which  electrons  can  flow  ,  from  the 
;  negative  terniinal  of  the  voltage  source;  thro^riii 
the  connectijng  wires  or  cpnductors;  through  t^e* 
ioad  0)5  Ibads;  and  bacMo  the  positive  tefminaj 
of  the  voltage  source.  A  circuit  is  thus  made  up 
of  a  voltage 'sburee,ri1ie*  necessary  conrije^Gting 
conductors,  and  fhe^fectiye  load.  '  , 

In  cont"  :*!  to,' good'  conductors'  such  as 
^co()per,  soPK  /iiatenals  sucn/1^^ 
dry  .  wood    have   Very    fev»^j(^iree  electrons; 

,    therefore,  they  are  poor iqondiictors  and  are 
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;..  caUed  insulators.  There  is  no  sharp  division 

V  .between  conductors  and  insulators  because  sorrje 

V  -  electron   motion  exists  to  some  extent  in  all 
.  matter.  The  .best  conductors  are  ussd  to  carry 

ie.';  •  cuirent,  and  the  pooi^st  conductors  are  used  as 
/  /  insulators  to  prevent  "the  current  ,  from  Being 
.  diverted  front  the  conductors.  , 

eLeCTRICAL  MEASURING 
INSTRUMENTS  "  , 

^    The  basic  electpcal  measuring  instruments 
^are  a  voltmeter;  an  ammeter,  and  an  ohmmeter. 
'  A  .  voltmetejr    is    used    to    measure  the- 
•   electromotive,  ^orce  produced  by  a  generator  or 
battery.  The  electromotive .  force  is  the' force 
that  causes  electrons  to  move  along  a  conductor 
as  an  electric  current.  For  example,  a  12-volt" 
battery^  has  the  capability  of  producing  12  volts 
of'  electromdtive  foi:cb  when'  new  and  fully 
:  charged.  A  volt  is  the  electromotive  force  which 
'    wiltii  produce  a  current  »of  V  ampere  when 
steadilj^ applied,  to  a  conductor  whose  resistance 

-  is-Ir^ohniv-:.-- /  -  -  —-^   ' 

;^       •<  An  ammeter  measures  the  rate  of  flow  of 
*  ejectrohs  through  a  conductor.  An  ammeter  may 

X 


be  used  to  determine  if  the  current  flow  is 
correct  i^  a  circuit  when  compared  to  applicable 
specifications;      .    •  -/ 

An  o)imnleter  >measures^the  resistance  of  a 
conductor  to  the  flow  of  electricity  through  it. 
The  ohninieter  may  be  use^  to  determine  if  a 
conductor/Is  complete  by  an  indication  of  a  very 
low  reading  •(approaching  zero  resistance).  A 
high  resistance  reading  may  indicate  an  open 
circuit    or    dirty    or    corroded  terminal^ 

connections.  -  « 

<f  .    .  ■  ' 

HYDRAUUCS  AND  PNEUMATICS 

;  .  ■    fiT     \    .  .  . 

Many  of  the  equipment;s  with  which' the 
ASM  ;  works>  include  sy^stems^  operated  'by / 
hydraulic  or  pneumatic  pressure.  Although  he  is 
not  responsible  for  the  maintenanC€|^of  hydraulic 
and  pneumatic  systems,  the  ASw  should  be 
familiar  with  the  units  of  measure  and  the 
terminology  associated  with  tjiese  -^systemsv 
Chapter  2- of  Fluid  Power,  NAVpDTRA  16193 
(Series),  contains  introductory  niaterial  on  these 
topics  and  is  recommended  for  s^udy: 

I       \  ' 

I  '     ■  r» 
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fHJBLICATIONS,  AAIARS,  AND  DRAWINGS 


PUBLICATIONS 


The  primary  purpose  of  technical 
publicatiDns  is  to  aid  the  technician  in 
accomplishing  assigned  tasks.  Th'ey  are  designed 
to  communicate  information  and  directions  to 
him  in  a  specific  technical  language.  They  are 

 prepared   by   the  manufacturer  of  specific 

.  equipment  .and  by  the  Naval  Air  Systems 
'  CommandL  or  its  field-  activities  in  accordance 
with  specifications  issued  by  NAVAIRSYSCOM. 
They,;  set    forth    current,,  authoritative 
infonhatiofi  concerned  with  /material  upkeep, 
cheeky  test,  repair,  and  operation  in  a  manner^o. 
provide  for  optimum  product  performance*  It  is 
extremely  important,  and  ^heriefore  mandatory, 
that  all  personitel  responsible  for  the  operation 
and  mainlTeftance  of  ground  support  equipment 
be  thorbug&y  familiar  with  these  publications 
and  that  thpy  use.  the  information  contained 
therein  in  JHe  daily  execution  of  their  technical 
tasks.  TTie  technician  or  mechanic  can  ho  longer 
-  properly  perforin-  all  work  vldthout  written 
"fttechnical  aid.  Modem  technology  is  a  constantly 
:]  changing    thinjg   and    demands  continuous 
reference  to  and  use  of  the  approved  technical 
publications. 

Although  some  technical,  publications  of 
interest  to  the  ASM  are  issued  by  other  Naval 
Commands,  such -as^  Naval  Facilities  Engineering 
Command  and  the  Naval  Sea  Systems 
Command,  the  majority  are  issued  by  the  Naval 
.  Air  Systems  Command.  The  publications  issued 
by  NAVAIRSYSCOM  are  known  as.  aeronautic 
publications  and  are  grouped  into  three  major 
classes  or  groups-those  issued  in  the  form  of 
technical  manuals,  those  issued  in  the  (o^  of 


technipal  directives,  and  those  issued  in  the  form 
of  engineering  drawings  and  associated  data. 

When  a  new  item  of  equipment  is  accepted 
by  the  Navy,  manuals  necessary  to  ensure  its 
proper  operation  and  upkeep  are  prepared  and  " 
made  available  to  all  activities  using  and/or 
maintaining  the  equipment.  Supplemental 
information  and  other  directive-type 
pubBcations  that  must  be  issued  from  time  to 
tj^^  are  issued  in  the  form  of  fetter  materials, 
manual  and  fetter-type  puMcations  may,  y 
pccasion,   be   properly   referred   to  as 

'idufectives.  Broa  dly  speaking,  ^y 
^;0^tounicati      which   initiates  or  goVems 

'action,  ,  conduct,  or  procedures  is  a  directive. 
Mother  term  commonly  used  td^  identify 
manual-  and  letter-type  publications  is  technical 
data. 

"  •    .  •    ^     "    *      .     .  " 

As  emphasized  throughout  this  manual,  all/'' 
personnel  of  the  ASM  rating  must  use  applicablSi^ 
technical  publications  in  t|ie  performance  of-'^^^^^ 
their  duties.  This  chz^ter  is  devoted  primarily  to 
the  type  of  ififormation  contained  in  v^tipus 
technical  pyblications  relative  to  the  operation,  • 
servicing,    and  .maintenance  "^bf  support 
equipment.  .  '| 

All  aeronautic  -jjUDlications,  both  manual- 
and  letter-type,. .afe  assigned  a  title  and  code 
number.  When  they  are  available  for  issue,  all  ' 
publications,  except  Instructions  and  Notices, 
are  iisted  in  .  the  Naval  Aeronautic  Publications 
Indexy.  One  of  the  requirements  for  advancement 
to  ASM2  is  to  be  able  to-u^e  the  different  parts 
of  this  Index  to  locate  and  identify  publications 
relative',  to    the    maintenance   of  support 
equipment.  The  contents  and.  use.  of  the  Naval  ''' 
Aeronautic  Publications  Index  are  discussed  in  . 
the  first  part  of  this  chapter. 
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NAVAL  AERONAUTIC 
PUBLICATIONS  INDEX 

A  complete  Naval  Aeronautic  Publications 
Index  consists  of  several  individual  publications, 
each  of  which  serves  a  specific  purpose.  They  are 
identified  as  follows: 

Navy  Stock  List  of  Forms  and  Publications, 
NAVSUP^Publication  2002. 

Equipment  AppHcability  List,  NAVAIR 
OO-SOOA..  ; 

Aircraft  Application  List,  NAVAIR 
00-500B. 

Directives  Application  List  by  Aircraft 
Configuration,  NAVAIR  00-500C. 

Microfilm  Cartridge  Cross  Reference, 
NAVAIR  00-500M. 

The  content  and  purpose  of  each^of  these 
publications  are  discussed  in  the  following 
paragraphs.  ^  '  / 

Numerical  Listing  / 

The  Navy  Stock  List  of  Publications  and 
Forms,  NAVSUP  Publication  2002,  has  been 
converted  to  micrpfiche.  With  this  conversion, 
the  format  of  the  publication  has  been,  changed 
from^  the  printed  paper  type.  The  printed, 
sectionalized  NAVSUP  2002,  wherein  the 
various  sponsoring  commands,  bureaus,  offices, 
etc«  had  publications  listed  in  an  individual 
sections  and  wherein  forms  were  listed  in  a 
separate  section,  has  been  modified  to  a 
three-section  microfiche  publication  as  follows: 

,  Section  I  is  ap  alphabetic/numeric  listing  of 
form  numbers,  1  pubfication  numbers,^  hull 
numbers,  and  electronic  model  numbers. 

Section    II    ik   an   alphabetic   listing  of 
publications  and  forms  byvtitle7n6menclature. 

Se  c  tion  III  -  is  a  ••numeric  listing  of 
publications  and  fornris  by  National  Stock 
Number  (NSN)  followed  by  NAVAIRSYSCOM 
technical  direct  ivesL 

Publications  and  forms  -  arq  sequenced 
together.  This  new  microfiche  edition  is  issued 
quarterly  in  Fetlruary,  May,  August,  and 
November.  Each  edition  reflects  all  current  ;and 
available  cognizance  symbol  I  ,  and'  II  ^ 
publications  and  forms. 

The  .microfiche;  cards .  that  make  up  the 
NAVSUP  2002  arei  accompanied  by  a  printed 
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paper  type  of. introduction.  ^This  introduction  is 
not  reissued  with  each  quafteriy  edition  of  the 
microfiqhe  cards  but  is  distributed  separately 
and  treated  as  an  individual  publication.  The 
introduction  to  the  NAVSUP  2002  contains  the 
following':  .  ^ 

«> 

1.  Requisition  instruction  for  forms  and 
publications.  ^  j 

2.  Listings  of  prefixes  and  codes  used  to 
identify  the  various  types  of  publications.    ^  * 

3.  Standard  abbreviations. 

4.  Identification  aids  and  detail  instructions 
for  requisitioning  commercial  books  and 
publications  sponsored  by  the  other  service 
branches  and  other  U.  S.  Goverrment 
departments,  bureaus,  etc.  ^; 

5.  Other  detailed  information  pertaining  to 
the  requisitioning  of  printed  material. 

Equipment  Applicability 
List 

)  Basically,  the  Equipment  Applicability  List, 
NAVAIR  00-500A,  is  a.  cross-reference  index 
listing  of  NAVAIR  manyal-type  publications 
according  to  model/type  part  number.  Since  this 
Index  contains  several  thousand  entries,  one 
document  would  be  very  cumbersome  to  use. 
For  this  reason,  the  Index  is  divided  into  several 
volumes.  At  the  time  of  this  writing,  there  are 
seven  volumes.  Each  of  the  first  six  volumes 
.contains?  400  pages,  and  Volume  7  contains  the 
remaining  entries.  With  the  exception  of  several 
small  sections  in  the  first  parLof  Volume  1,  the 
Equipment  Applicability  List  is  one  continuous 
indpx  of  Model/type  part  numbers  listed  in  strict 
alphanumerical  sequence.  In  addition  to  an 
Introduction,  the  other  sections  in  the  first  part 
of  Volume  1  pertain  primarily  to  manuals  for 
au-craft,  weapons  systems,  and  aircraft  engines. 
Therefore,  the  publication  numbers  are  listed 
according  to  aircraft,  aircraft  engine,  and 
weapons  system  designation.  Of  these  sections, 
the  one  pertaining  to  Allowance  Lists  is  most 
important  to  the  ASM.  Allowance  Lists  arc 
discussed  later  in  this  chapter. 

Tlie  format  of  the  alphanimierical  listing  is 
illus|rated  in  figure  5-1.  Specific  examples  of 
model/type  part  numbers  pertaining  to  suppoit 
equipment  were  selected  to  illustrate  some  of 
the  various  codes  and  abbreviated  statements 
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(1)  MODEL/TYPE  FART  NO.  VENDOR 

^b)  AER046A 
(4) 
(5) 


(6)  AHT63 

(7)  • 

(9) 

(10)  AN6295-1 

(11) 

(12) 

(13)  A8A0-0031 
(lA) 

(15)  B007 

(16)  ^ 

(17) 
(18) 

(19)  370782 
(20) 

(21)  S69180 

(23)  63A109J1 
(2A)  • 


(25)  ^AA99E1 
(26) 

(27)  6825  70-L 
(28) 

(29)  91810A-1 
(30) 


98296 
82386 

99999 

82386 

36659 

882  76 
70210 

55168 

99999 


-82386 


99193 


36659 


'  NOMENCLATURE  ^ 
TECH  DATA  NO. 

WEAPONS  LOADER 
19-15BE-3 
19-600-65-6-1 

HYD  TEST  STAND 
17-l*5BF-39 
17-600-23-6-1 " 
•17-600-23-6-^ 

REGULATOR 

03-10ABC-50^ 
03-30ELE-501 

TEST  STAND 
17-15BF-30 

PLATFORM  SERVICING 
19-15-21 


NEXT  HIGHER  ASSEMBLY  SUPPL  REMARKS  SUPPL  PART  NO.  'DATA 
TYPE    TECH  DATA  STK  NO.  AV  SC 


05 
37 


.  15 
37  • 
37 


10 
10 


,0819-008-9000 
0819-042- .000 


0817-057-6000 
0817-110-8500 
0817-110-9000 


0803-152-5000 
0803-360-2000 


15  0817-057-6000 


12  0819-001-2000 


DOLLY 

19-15A-^1  OU 
GAS  TURBINE  PLUMBING 

19-105B-15  10 

FILTER  ASSY 

UNDER  REVIEW 

ULTRASONIC  CLEANER 
UNDER  PROCUREMENT  15 


0819-035-4500 


TEST  STAND  

17-15BF-39 


15  0817-057-6000 


REFRIGERATION  UNIT  378782 

19-105B-15  10  0819-035-4500 


PLATFORM  SERVICING 
19-15-21  12 


0819-001-2000 


EQUAL  TO. 64A99E1' 


EQUAL  TO  AHT63 
SUPS  COMPli  918104-1 


EQUAL  TO  A840-0031 


SUPSD  COMPL  BY  BOO 7 


UOTE: 


The  sequential  line 
purposes  only. 


numbers — (1) ,  (2),  (3) ,  etc. — in  tf\e  left  war&ln  are  for  explanation 
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Figure  5-1  .—Format  of  Equipment  Applicability  List,  NAVAIR  00-500A. 


used  throughout  the  Inciex.  These  entries  are 
discussed  in  the  following  paragraphs.  A 
complete  list  with  explanations  of  all  codes  and 
statements  used  in  the  Index  is  contained  in  the 
Introduction,  located  in  the  first  part  of  Volume 
1.  This  Introduction  also  contains  other  valuable 
information  concerning  the  use  of  the  Index.  It 
is  important  that  all  users  of  this  Index 
thoroughly  study  this  section  and  Jbecome 
familiar  with  its  contents. 


NOTE:  It  must  be  emphasized  that  the 
entries  in  figure  5-1  were  selected  to  illustrate 
the  .  format  and  use  of  the  Equipment 
Applicability  List.  Although  the  information 
concerning  these  entries  was  current  at  the  time 
of  this  writing,  all  or  any  part  of  it  is  subject  to 
change  from  time  to  time.  Therefore,  the  latest 
edition  and  supplement  (discussed  later)  of  the 
Equipment  Appjicability  List  must  be  consulted 
in  all  cases. 
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The  column  headings  of  the  Equipment' ' 
Applicability  List  consist  ot  two  lines.  (See  lines 
(1)  and  (2)  of  figure  5-1.)  Lipe  vD  pertains  to 
information  about  the  'spqcific  item  of 
equipment.  T^is  information  is  listed  under  the 
appropriate  headings  in  the  line  corresponding 
to- the  model/type  part  number,  as  sliowirTir 
lines  (3),  (6),  (10),  (13),  Qtc. 'n&^^dings  in 
line  (2)  pertain  to  the  status  ofpublications  for 
each  model/typfe  part  n\xm\^.  This  information 
is  listed  oil  a  line,  or  lines,  under  the  information 
concerning  the  model/type  part  number.  For 
example^  the^ 'information  listed  in  lines  (4)  and 
(5)  corresponds  to  the  headings  in  line  (2)  and 
pertains  to  the  publications  :for  the  AER046A 
Weapons  Loader  listed  in  line  (3)" 

The  type  of  information  listed  under  each 
coliunn  heading  is  discussed  in  the  following;, 
paragraphs. 

MODEL/TYPE  PART  NO.-The  identifying 
number  of  the  specific  item  of  equipment  or 
system  is  listed  in  this  column.  Some  items  of 
equipment  are  identified  by  more  than  one  part 
number.  In  these  .cases,  all  of  the  identifying 
numbers  are  listed  with  each  number  in'" 
alphanumerical  sequence.  .For  example,"  the 
numbers  listed  in  this  column  on  lines  (6),  (13), 
and  (25)  are  different  numbers  for  the  same 
hydraulic  test  stand.  AHT63  is  the  model 
number,  A840-O031  is  the  manufacturer's  part 
number,  and  64A99E1  is  the  Navy  part  number. 

VENDOR.~The  appropriate  five-digit  code ' 
which  identifies  the;  contractor  or  government 
agency  that  manufactured  the  item  of 
equipment  is  listed  in  thi5  column.  Cataloging 
Handbooks  H4-1  and  H4-2  should  be  referred  to 
for  the  interpretation  of  these  codes.  If  a  vendor 
code  is  not  firmly  established  at  the  time  the 
item  of  equipment  is  listed  in  the  Index,  the 
^ppde  99999  is  inserted.  (See  lines  (10)  and  (23) 
*£n  figure  5-1.)  As  these  vendor  codes  are 
established,  appropriate  changes  will  be  made  in 
subsequent  issues  of  this  Index. 

NOMENCLATURE.-A  brief  description  of 
the  item  of  equipment  is  listed  in  this  column. 
The  examples  (WEAPONS  LOADER,  HYD 
TEST  STAND,  etc.)  illustrated  in  figure  5-1  are 
typical  of  the  descriptions  usedjhroughou?  the 
Index. 


.  NEXT  HIGHER  ASSEMBLY.-In  some 
cases,  technical  manuals  are  not  required  for  a 

^ .  specific  itefn  of  equipment  because  the 
necessary  infonnation  is,,  or  will  be,  included  in 
the  technical  manual(s)  for:  the  next  higher 
assembly.  In  these  instances,  the  model/type 
jjart  number  of  the-jiext  higher  assembly  is  listed 
in  this  ,  column.  For  example,  the  required 
information  for  the  Refrigeratibn  Unit  listed  in 
line  (27)  of  fixture  S-1  is  included  in  the 
^publication  for  the  Gas  Turbine  Plumbing  listed 

^^in  line  (19),  As  illustrated  in  line  (27),  the  part 
number  (378782)  of  the  Gas  Turbine  Plumbing 
is  UstQd  in  the  NEXT  HIGHER  ASSEMBLY 
column. 

SUPPL  REMARKS  -  (Supplemental 
Remarks).— An  entry  is  included  in  this  column 
if  the  number  Jisted- under  the  MODEL/TYPE 
PART^NO^  is  supplemented  with  other  part- 
number  information.  The  descriptive^atements* 
'EQU,AL  TO  in  lines  (6),  (13),  and  <25),  SUPS 
,^COMPE  (supersedes  completely)  in  line  (15), 
and  SUPSD  COMPL^BY  (superseded  completely 
byVin  line  (29)  are  examples'of  the  entries  listed 
in  this  column.  Other  entries  sometimes  listed  in 
this  column  are  INTERCHANGEABLE,  SUPSD 
PART  BY  (superseded  partially  by),  and  SUPS 
PART  (supersedes  partially). 

SUPPL  PART  SfO.  DATA  (Supplemental 
Part  Number  Data).-^.  part  number  listed  in 
vthis  column  is  associated  with  the  statement 
Usted  in^  the  '§UPPB  REMARKS  column. 
Examples  of  this  type  entry  are  illustrated  in 
■  lines  (6),  (13),  («),  (25),  and  (29).  Refer  to  the 
numbers  listed  in  this  ci)lumn  on  lines  (6),  (13), 
and  (25).  As  explained  previously,  these  are 
different  numbers  for  the  same  hydraulic  test 
stand."*  Although  there  are  three  different 
numbers,  only  one  is  listed  in  each  space.  It 
should  be  noted,  however,  that,  regardless  of 

,  which  number  the  -user  of  the  Equipment 
Applicability  List  looks  up  first,  he  will  be 

V  directed  systematically  through  all  three  part 
numbers.  For  example,  assume  that  the  only 
.number  an  ASM  has  available  for  this  hydraulic 
test  St  Aid  is  64A99E1.  When  he  locatesr  this 
number  in  the  In^ex,  he  is  referred  to  part 
number  A840-003 1 .  By  locating  this  number,  he"" 
is  referred  to  AHT63.  When  he  locates  AHT63 
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he  is  referred  again  to  the  original  part  number, 
64A99E1,  This  type  of  arrangement  is  used 
throughout  the  Equipment  Applicability  „  List 
when  two  or  more  numbers  are  listed  for  the. 
same  item  of  equipment 

TECH  DATA  NO;  (Technical  Data 
Number).— The  applicable  current  technical 
manual  and  all  proposed  technical  manuals 
(those  which  have  been  numbered  but  have  noi\ 
been  ^published)  are  listed  in  this  column.  The 
technical  manuals  are  listed;>by  code  number  as 
illustrated  by  all  entries  in  this  column  of  figure 
5-1  with  the  exceptions  on  lines  (22)  and  (24). 
(The  numbering  system  (code  numbers)  for  . 
technical  manuals  is  discussed  later  in  this 
chapter.)  If  the  technical  manual  rtumbers-have^ 
not  b6en  assigned,  or  it  has  not  been  determined 
if  technical:  manfials  will  be  procured,  or  if 
coverage  will  noi'^be  cbn^tained  in  a  NAVAIR 
technical  manual,  a  qualifying  statement  is 
entered  in  this  column.  For  *  example:  the 
statement  UNDER  REVIEW,  in  line  (22)  means  . 
that  the  part  number  has  been  submitted  to  the 
Naval  ^  Technical  Services  Facility  (NATSF) 
for  possible  action,  but  no  decision  has  been 
made  prior. to  the  date  of  the  current  issue  of 
the*  Index;  The  statement,  UNDER 
PROCUREMENT,  listed  in  line  (24)  indicates 
that  publications  are  being  procured  for  this 
item  of  equipment  but  the  publication  numbers 
have  not  been  assigned.  The  Introduction  in  the 
first  part  of  Vblume  1  of  the  Index,  should  be 
consulted  for  explanations  of  other  qualifying 
statements  used  in  this  colujnn. 

TYPE.— A  code,  which  corresponds  to  the' 
tyi^  of  technical  manual,  is  listed  in  this 
column.  For  example,  the  number  05  in  line  (4) 
is  the  code  for  Operation  and  Service 
Instruction^  Manuals,  and  the  number  37  in  line 
(5)  is  the  code  for  Maintenance  Requirements 
Cards  for  Ground  Support.  Since  the  use  of 
these  particular  codes  is  limited  to  the 
Equipment  Applicability  List,  a  complete  list  of 
.the  different  types  of  rnanuals  and  their  ^ 
corresponding  codes  is  listed  in  the  Introduction 
in  Volume  1.  The  different  types  of  technical 
manuals,  applicable  to  the  maintenance  of 
support  equipment  are  discussed  later  in  this 
chapter. 


TECH  DATA  STK  NO.  (Technical  Data 
Stock  Number.— The  National  Stock  Number  for 
ordering  the  publication  is  listed  in  this  coluitin. 

AV  (Availability  Code). -The  letter  **A"  in 
this,  column  indicates  the  technical  manual  is 
available  and  may  be  requisitioned  from  the 
supply  system '.by  using  the  applicable  stock 
number.  Before  ordering,  the  Numerical  IndQX, 
NAVSUP  2002  microfiche,  and  its  latest 
supplement  should  be  checked  for  the  complete 
publication  title,  date,  and  requisition  restriction 
code.  A  hlank  space  in  this  column  indicates  the 
technical  manual  is  not  available  as  of  the  date^ 
of  the  current  Index  and  no  attempt  should  be 
made  to  order  this  manual  from  the  supply 
system. 

SC  (Security  Classification).— Technical 
manuals  listed  are  unclassified  unless  the  letter  C 
(Confidential)  or  the  letter  S(Secret)  is  listed  in 
this  space. 

Aircraft  Application 
List 

The  Aircraft  Application  List,  NAVAIR 
00-500B,  contains  a  listing  of  Naval  Air  Systems 
Command  technical  manuals  grouped  according 
to  their  application  to  an  aircraft.  The  aircraft 
are  arranged  by  model  nymber  and  are  grouped 
in  series  according  tQ^4heir  mission  (Attack 
Series,  .  Gargo/Transpor>ir  Series,  Fighter  Scries, 
etc.):  The  applicable  technical  manuals  are  listed 
by  code  number  under  each  model  of  aircraft^ 
The  manuals  are  grouped  in  numericial  sequence 
according  to  the  General  Qassification  numbers 
listed  in  table  5-J.  The  groups  include  the  00, 
01,  02,  03,  05,  11,  13,  08  &  16,  1^,  &  18,  and 
19  series.  Groups  00  (Allowance  Lists),  17  &  18 
(Machineiy,  Tool,  and  Test  Equipment),  and  19 
(Ground  Servicing  and  Automotive  Equipment) 
are  of  most  interest  to  the  ASM. 

The  Aircraft  Application  Lisi  is  especially 
useful  for  determining  what  manuals  are 
available  for  a  particular  model  aircraft.  A  listing 
of  basic  numbering  categories  is  provided  in  the 
first  few  pages  of  thi  list.  This  listing  may  be 
used  .in  determining  the  general  type  of 
equipment  covered  in  the  publication'.  For 
determining  the  specific  item  of  equipment 
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Table  S-I.-General  subject  classification  numbers  for 
manual-ty^M  publicatSbiu 


General  .  .  .V.     .  7:/;  00 

Aircraft^^jj.T  .  ;  .  .  .  .  .  .  01 

Pbwerplants   o2 

Accessories  .  .  .  .  .  i  .  ]  ]  q3 

Aircraft  Hardware  and  Rubber  Material.  .  .  04 

Instruments  ....  J\  ,  .  .  ...   q5 

Fuels,  Jjubricants,  and- Gases .  ...........  06 

Dopes  and  Paints  .i.  !  .  .  M 

Electronics..  ..../..:.   ;  .  /i 


08 


,     -  ,.  (also 
Instructional  Equibmertt  and  Training  Aids  . 

j  .  (also  01  and 

Photography 


16) 
09 
28) 

,  -  -  10 

Aviation  Armanie^^   .  .  .  .i  IJ 

Fuel  and  Oil  Han<ffing  Equipment  !|  12 

Parachute  and  Personal 

13 
14 


Survival  Equipment  .  \  

Hangar  and  Flying  Field  Equipment .... 
Standard  Presj?rvatio$  and  1 

Packagin^^structibns  15 

JElectronics  wf/.  15 

I  .  .      (also  08) 

Machinery,  Tools,  and  Test^Equlprnjen^.  .  .  .  17 
'    '  ,  :  A  (also  18) 

Ground  Servicing  and         ^    ^  ^  \:v'-  ' 

Automotive  Equipment  .....  '5... ....  .  19 

.     .  \    (also  08,  20,  and  14) 

Descriptive  Data  Sheets  for  1 

Aviation  Support  Equipment  .....    .  ...  20 

Chemical  Equipment  24 

Meteorology  DCNO  (AIR).  50 

Ship  Installations  ,  ,  \  51. 


"  covered  by  a  publication  and  the  title  of  the 
publication,  reference  should  be  made  to 
Section  1  of  NAVSUP  2002.  ' 

Directives.  Application^ 
List 

Basically,  the  Directives  Appliqfition  List  by 
'  Aircraft  Configuration,  NAVAIR  00-500C,  is  a 
listing  of  the  active  Naval  Air  Systems  Command 
letter  type  technical  directives  (Bulletins  and 
Changes)  with  respect  to  their  applicability  to  an. 
aircraft.  It  serves  the  same  purposie  for 
letter-type  technical .  dr    '      as  "  Aircraft 


Applicatloh  List  does  for  technical  manuals.  The 
applicable  technig|il  directives  are  listed,  by 
V.  numiber,  under  eaclL-Xonfiguration  of  aircraft 
-model.    (NOTE:    Configuration    refers  to 
•>  modifications  made  to  a  basic  aircraft  model. 
For  instance,  A-4A,  A-4B,  TA-4F,  etc.,  are  all 
different   configurations  of  the  A-4  r  aircraft 
model.) 

The  directives  are  also  grouped  according  to 
type  under  each  configaration  of  aircraft  model. 
The. types  of  directives  consist  of  Airframe 
Bulletins  and  Changes,  Accessory  Bulletins  and 
Changes,  etc.  Among  these  types  are  Support 
Equipmej'*  Bulletins  and  Changes.  Jis  indicated,^ 
.  these  support  equipment  directives  afe  applicable 
to  specific  aircraft  configuration(s).  Such  direc- 
tives may  involve  the  modification  of  the  aircraft 
to  accommodate  certain  test  or  other  type  sup- 
port equipment,  the  modification  of  an  item  of 
support  equipment  for  a  particular  configuration 
of  aircraft  model,  or  the  modification  of  an  item 
of  special  support  equipment  for  a  particular 
aircraft  confijguration. 

A  "Genital"  Series  is  included  in  the  last 
-  part  of  NAVAIR  60-500C.  This  section  consists 
of  those  technical  directives  which  are  not 
limited  to  any  specific  aircraft  but  may  be 
pertinent  to  equipment  used  in  conjunction  with 
all  or>  at  least,  Several  aircraft  models.  Like  the 
preceding  sectio|ris  of  this  Index,  ,the  listings  of-, 
directives  in  thfc  General  section  are  grouped 
according  to  f^^pe.  Included  are  listings  .of 
Support  Equiprpent  Bulletins  and  Changes. 
indicated  previbusly,  these  directives  are  of  a 
general  nature  and  often  involve  improvement  in 
performance,  reliability,  and/or  safety  of  the 
specific  item  of  equipment.  For  example. 
Support  Equipment  Change  1487  is  listed  in  this 
section.  This  directive  pertains  to  the;  NHS 
Hydraulic  Power  Supply  .Cart  and  involves 
modifications  to  improve  reliability  and  decrease 
service  maintenance  on  this  item  oT  equipment. 

^  NOTE:  Bulletins. and  Changes  are  discussed 
in  more  detail  later  in  this  chapter. 

Microfilm  Cartridge  Cross 
Reference 

The  Microfilm  Cartridge  Cross  Reference, 
NAVAIR  00-500M,  is  prepared  in parts: 
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Part  1  is  a  listing  of  NAVAIRSYSCOM 
Puulications  to  the  microfilm  cartridge  number. 
All  of  the  pubhcations  listed  have  not  been 
officially  issued  in  microfilm  cartridges.  Part  II  is 
a  listing  of  Maintenance  Information  Automated 
Retrieval  System  (MIARS)  cartridge  numbers 
and  their  latest  film  dates.  Cartridge  numbers 
not  containing  a  film  date  are  not  available  fdr 
issue.  These  cartridges  will  be  available  in  the 
near  future. 

Updating  the  Index 

As  indicated  by  the  previous  discussions,  the 
different  Lists  of  the  Naval  Aeronautic 
Publications  Index  provide .  various 
cross-reference  lists  whereby  technicians  and 
mechanics  ?can  locate  and  identify  available 
technical  publications  applicable  to  specific 
items  of  equipment.  The  Index  has  undergone 
many  changes  to  improve  this  system  of 
indexing  technical  publications.  Althougli  the 
Equipment  ;  Applicability  List,  NAVAIR 
00-500 A,  has  been  a  vital  part  of  the  Index  for 
several  years,  it  has  recently  undergone  a  major 
revision  which  is  reOected.  in  the  previous 
discussion.  The  listing  of  each  change  to'' 
manual-type  publications  separately  under 
different  stock  numbers  is  a  recent  change  to 
Part  C  of  the  Numerical  Index.  Explanations  of 
such  changes  ape  included  in  the  introductory 
pages  of  the  affected  List.  Therefore,  when  new 
issues  of  the  lists  are  received,  the  introductory 
pages  should  be  checked  thoroughly  for  any 
changes  that  may  have  been  incorporated. • 

The  publications  listed  in  -the  Index 
continually  change.  New  eqliipment  requires 
new  publications.  Old  ^nd  obsolete  equipment  is 
retired  and  the  applicable  publications  are 
canceled.  Changes  to  equipment  require 
additional  publications  and/or  changes  and 
revisions  to  existing  publications.  Therefore, 
some  means  must  be  .provided  to  update  the 
Naval  Aeronautic  Publications  Index.  To 
accomplish  this,  each  List  of  the  Index  is 
updated  at  regular  in  tervals  by  the  issuance  of  a 
new  List.  In  addition,  some  of  the  Lists  arc  kept 
current  by  the  periodic  issuance  of  supplements 
between  .  issues  of  the  complete  ^  List.  The 
methods  usgd  to  update  each  List  are  discussed 
in  the  following  paragraphs. 


NOTE:  The  following'  information 
concerning  the  dates  and  intervals  for  the 
issuance  of  new  Lists  and  supplements  was 
current  at  the  time  of  this  writing.  Ho\yever, 
these  dates  and  intervals  have  changed  from  time 
to  time  in  the  past.  Therefore,  the  introductory 
pages  of  each  new  basic  List  and  supplement 
should  be  checked  for  any  changes  of  these 
dates  and  intervals. 

.  The  equipment  Applicability  List,  NAVAIR 
00-S.OOA,  is  issued  annually  and  supplemented 
bimonthly.  It  lists  aircraft  components,  related 
equipment  by  model,  type,  and  part  number  in 
alphabetical  and  numerical  sequence  with  the 
applicable  publication  shown  in  the  appropriate 
columns. 

.  The  Aircraft  Application  List,  NAVAIR 
00-500^,  is  issued  annually  with  no 
supplements.  It  lists  aeronautical  manual 
publications  with  respect  to  their  apphcation  to 
specific  aircraft.  It  also  lists  technical  manuals 
dealing  with  electronics,  armament,  instruments, 
powerplants,  etc. 

'^  The  Directives  Application  List,  NAYAIR 
00-5  QOC,  is  issued  annually  with  no 
supplements.  It  lists  active  NAVAIR  letter-type 
technical  directives  with  respect  to  their 
appHcabihty  to.  a  specific  aircraft,  and  a  general 
'category  listing ^of  directives  that  apply  to'alk 
aircraft  or  ground  support  equipment. 

The  Microfilm  Cartridge  Cross  Reference 
NAVAIR  00-500M  is  issued  annually  with 
bimonthly  revisions  and  is  prepared  in  "two  parts.' 
Part  -r  is  a  listing  of  NAVAIRSYSCOM 
publications  to  microfilm  cartridge  number.  Part 
II  is  a  listing  o^  MIARS  cartridge  numbers  and 
their  latest  tllm  dates. 

PUBLICATIONS  NUMBERING 
SYSTEM  _ 

Code  numbers  are  assigned  to  all 
pubhcations  in  order  that  they  may  be. 
identified,  indexeS,  and  iilcd.  A  knowledge  of 
the  numbering  systems  will  enable  the  ASM  to 
locate  any  desired  information  with  a  minimum  - 
of  effort.  A  brief  explanation  of  the.  coding  of 
publications  listed  in  the  Index  is  presented  in  ^ 
the  following  paragraphs. 
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Manuals         .    ^  ^        '  . 

■:y  -:  ':i!pdQ  numbeis  assigned  to  manuals  consist  of 
a:  pmfix  and  a  series  of  three  parts.  All 
manual-type  publications  are  listed' iit;  the  Index 
with  the  prefix  NAJ  TIys  is  the 'shortened  form 
for  NAVAIR  and  identifies  &ose  publications, 
originated  by  the  Naval  Air  Systems  Conunand. 
However,  thf  prefix  NW  appears  on  some  of  the 
older  publications.  This  is  the  shortened  form 
for  NAVWEPS  and  indicates  those  publications 
ori^ated  by  the  Bureau  of  Naval  Weapons 
before  ,it  was  absorbed  into  the  Naval  Air 
Systems  Command.  When  these  publications  are 
revised  the  prefix  will  beichanged  to  NA. 

The  three .  parts  'which  make  up  i^ie 
remaining  portions  of  the  number  indicatf/the 
following:  ■  > 

Part  I  is  a  two-didt  number  thai  indicates 
\the   general    subject  Nclassification-  of  ^  the 
.equipment  covered  by  the|)tiblicatibn.  Table  5-1 
\iists  the  :  ©Bfleral  subject  (^tegoriesr  anj^  the 
appropriate  twcKligit  numbers." 
r  .  Part  ir  .of  the  publication  code  number 
cprisists  of  numbers  and/or  numbers 'and  letters 
ahd  indicates  the  specific  class,  group^  tjrpe,  or 
model  and  manufacture^  of  the  equipment.  The 
subject  breakdowns  of  the  17  and  19  series  are 
listed  in  table  5-2. , 

Part  III  consists  of  a  number  or  numbers 
Which  designate'  a  specific  manUal.  For  some 
manuals,  this  humber  designates  a  specific  type 
of  manual;  however,  for  those  pertaining  to 
support  equipment,  this  part  is  assigned  in 
numerical  sequence  and  has  no  reference  to  the 
type  of  manual. 

Figure  5-2  illustrates  the-  identification  and 
decoding  of  a  complete  manual  ^^publication ' 
number. 

'  ?■  •■  • 

Letter  Type  Directives'  ^ 

There  are  two  numbering  systems  used  to 
identify :  letter  type  directives  pertaining  to' 
support  equipment.  They  are  as  follows: 

1.  Numbered  in  consecutive  order 
according  to  specific  .application.  For  example, 
Support  Equipm^jnt  Change  ,590  is  the  590th 
change,  that  has  beenr""  issued  pertaining  to 


TaUe  5>2.-Subject  breakdown  of  series  17  and  19 
manual  type  publications 


17  Series  -  M^hinery,  Tools, 
and  Test  Equipment. 

17-1  ....  Shcg  and   Warehouse  Machinery, 
Tools  and  T^st  Equipment  General. 

17-5  ....  Shop  and   Warehouse  Machinery, 
Powered  Tools  and  Equipment. 

17-10 .  .  .  .  Shqp  and   Warehouse  Machinery, 
Powered  Tools  and  Equipment. 

17-15 .  .  . ,  Laboratory  and  Shop  Test  and  In- 
spection  Equipment.  . 

17-20.  .  .  .  Instrument  Calibration  Procedures. 

17-25.  .  .  .  Measurement  System  Operation  ' 
/  '  Procedures. 

17-30.  .  ,  .  Cross-Ci\eck Procedures. 

17-35 ....  Miscellaneous  Calibration 
Publications. 

17-600  .  .  T  Ground  "^pport  Maintenance.  Re- 
quirements Ca^s. 


19  Series  -  Ground  Servicing  and 
Automotive  Equipment. 


19-1  .  . 
19-5  .  . 
19-10.  . 
19-15.  . 
19-20.  . 
19-25 .  . 

19-30  .  . 
19-35.  . 

19-40 .  . 
19-45.  . 
19-50 .  . 

r^-60.  . 
19-70..  . 
19-7^.  . 


19-80. 


19j*.105  . 

19-llOA 
Vl  9-600  . 


.  .  General. 

..  Oxygen  Equipment:      •  n 
.  •  Airfield  Lighting  Equipment. 
*  Platforms  and  Scaffolds.^ 
.  Portable  Shop  Equipment. 
.  Fire  Trucks,  Miscellaneous  Trucks 

and  Trailers. 
.  Field  Starters  (Mobile). 
.  Air  Compressors  (other,  than  for 

Powerplants). 
.  Tractors  and  Aircraft  Towing. 
:  Mobile  Electric  Power  Plants. 
^  Generators, for  Other  Than  Ppwer 

Plants. 

.  Portable  Heaters  and  Coolers. 

Aircraft  Hydraulic  Jacks. 
.  Generator  Skid  or  Trailer  Mounted 

(Gas  Nitrogen).  y 
.^JMotorized  Material  Handling  * 

Equipment. 
.  Gas  Turbine  Compressors  and/or 

Power  Units  xthd  Enclosures. 
.  Blower,  Gasoliiii^  Driven. 
.  Ground  Support  Maintenance 

Requirements  Cards. 
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Prefix     Part  I      Part  II 


Hi 


Part. HI 

""CI- 


A  NAVAIRSYSOCM  publication. 


JL 

t 


19 

T 
I 
I 

pertaining  to  Ground  Servicing  i 
and  Automotive  Equipoient  <^  ^^-^ 

This  particular  group  is 

Blower,  Gasoline  Driven  


19  -  llOA  -  4 


T  T 


This  nunber  is  the  assignment  code 
for  a  specific  model  blower  


:  226.2 
Figure         Identifi'eat^oiv  and  decoding  of  manual 
>  publication  code  number. 


support  equipment.  The  changes  pertaining  to 
all  support  equipment  are  grouped  tpgether  and 
numbered  in  sequence.  Bulletins  are  nurnbered 
-in  the  same  way;  however,  those  pertaiiling  to 
specific  items  of  auxiliary  power  servicing 
equipment  are  numbered  separately  by  each  , 
item  of  equipment. 

2r  Numbered  in  consecutive  order 
according  to  subject  matter.  This  method  covers 
all  Naval  Air  Systems  Command  Instructions 
and  Notices.  An  example  is  NAVAIR 
Instruction  10340.1.  The  number  .  10340 
indicates  the  general  subject  of  the  instruction, 
and  the  .1  indicates  it  is  the  first  instruction 
issued  by  the  Naval  Air  Systems  Command  on 
that  particular  subject.  Notices  carry  the  general 
_  subject  number  only,  and  do  not  carry  a  point 
number  (i.e.,  .1). 

NOTE:  Instructions  and  Notices  are  not 
listed  in  tjie  Naval  Aeronautic  Publications 
Index. 

SECURITY  OF  CLASSIFIED 
PUBLICATIONS  ^ 

The  Department  of  the  Navy  Information  . 
Security  Program  Regulation,  OPNAV 
Instruction  55 10.!  (Series),  issued  by  the  Chief 
'of  Naval  Operations,  is  the  Ijasic  security 
directive  relating  to  safeguarding  classifi^ed 
information.  Its  provisions  apply  to  all  military 


and  civilian  personnel  and  all  activities  of  the 
Naval  Establishment. 

The  manual  contains  detailed  instructions 
for  classifying?  marking,  and  handling  classified 
information,  and  for  access  to  an  authorized 
dibclosuYe  of  the  information. 

The  ASM  from  time  to  timp,  has  occasion  to 
use  cla.>sified  publications  relating  to  the 
performance  of  his  work.  Before  he  accepts 
such  pubfications  -he"  must  be  .  cleared  to  ,the 
appropriate  degree  to  handle  this  classified 
matter.  It  is  then  mandatory  that  he  have  a 
knowledge  of  and  abide  by  the  instructiqns  in 
the  Security  Manual  pertairting  to  handling 
classified  material. 

,  Publications  listed,  in  the  Numerical  Listing 
of  the  NAVSUP  Publication  2002  are 
unclassified  unless  otherwise  marked  "1" 
(confidential)  or  "4"  (secret)  in  the  column 
headed  **PS'V  (physical  security).  Gassified 
publications  listed  in  the  Equipment 
Apphcability  List,  NAVAIR  00-5 00 A,  are 
identified  by  the  letter  C  (confidential)  or  the 
letter  S  (secret)  in  the  column  headed  **SC" 
(security  classification).  Qassified  publications 
.are  identified  in  the  same  manner  in  the 
supplement  to  the  respective  Lists. 

PROCUREMENT  OF 
PUBLICATIONS 

There  are  four^'main  methods  of  procuring 
publications  relating  to  the  operation  and 
^maintenance  of  ground  support  equipment. 

The  first  method  is  initial  outfitting.  The 
Naval  Air  Technical  Service  Facility  (NATSF) 
automatically  provides  the  prospective 
commanding  officer  of  a  newly  comifnissioned  or 
reactivated  "ship,  station,  dr  activity  an  outfitting 
of  general  aerohatuic  piiblications. 

.  Specific  publications  obtained^  under 
Aeronautic  Technical  Publications  Outfitting 
Allowance  constitutes, another  prime-  source  of 
publications.  Initial'  distribution  is  provided  by 
NATSF  to  a  newly  commissioned  or  reactivated 
'  activity.  When  support  activities  change  mission 
of.  aircraft,  support  equipment  requirements 
often  change.  Such  changes  may  require  a 
different  set  of  publications.  Upon  sujch  a 
change,  an  Aeronautic  Technical  Publicatiors 
Outfitting  Allowance,  applicabfe"  to' the  model 
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.designation  of  the  aircraft  and  equipment 
involved,  may  be  obtained  by  letter  request 
from  the  commanding  officer  to  NATSF. 

The  third  source  of  publications  is  through 
inclusion  in  automatic  distribution  lists.  The 
NATSF  normally  provides  for  the  issue  of 
certain  future  issues  of  new  and  revised 
publications  *directly  to  affected  activities. 
Activities  desiring  to  receive  future  issues  of  new 
and  revised  publications  must  submit  a  "Mailing 
List  Request  for  Aeronautic  Publications" 
(currently  Form  NAVAIR  5605/3)  40  th& 
Commanding  Officer,  NATSF.  Personnel  of  the 
support  equipment  work  center  desiring  to 
receive  particular  issues,  reissues,  and  revisions 
of  publications  should  make  their  requirements 
known  to  the""  technical  library'50  that  they  may 
be  included  on  the  next  submission  of  Form. 
5605/3. 

The  fourth  method  of  procuring 
publications  is  hy  ordering  individual 
publications  direct.  Manual-type  publications 
must  be  ordered  on  a  Single  Line  Item 
Requisitioning  System  Document  (DD  Form^ 
1348  or  DD  Form  1348m).  Technical  letter-type 
publications  must  be  ordered  on  DD  Form 
.1 149.  The  use  of  any  of  these  three  forms  will 
not  result  in  being  placedx)n-the  distribution  list 
to  receive  future  issues  or  revisions  of 
publications  ordered. 

Vanual-type 
publications 


\ 


shown  in  table  5-1 ,  manuals  are  published 
\in  k  number  of  different  subject  categories; 
'^ose.  of  special  interest  to  the,  ASM  are  the 
Qeneral    Manuals  ,  {00   series)    and  Support' 
Equipment  Manuals  (Iv  and  19  series).  Certain 
maxiual^    in    other    series  \may    be  used 
occafsionaily^  but  those  lis\ed  hei•^e  dre  of  special 
'\   importance  to  the  Aviation'^upport  Equipment 
\Technifian.\     ^     '  \  \ 

General  l^nuals 
'  '  (00  Series  )\  \ 

As  in^icrited  \  by  the  title,  this\series  of 
manuals  in)clu'^cs  information  of  interest  to  all 


naval  aviation  personnel.  Included  are  three 
parts  of  the  Naval  Aeronautic  Publications  Index 
(00-500A,  00-500B,  O0-5O0C  described 
previously),  NAVAIR  Outfitting  Lists  and 
Allowance  Lists,  and  Aviation  Training 
Literature.  %  ' 

'  OUTFITTIN&  LISTS  AND  ALLOWANCE 
LISTS,  (00'35Q  SERIES).-Aircraft  maintenance 
support  and  repah-  parts  for  aircraft  maintenance 
repair  and  listed  in  NAVAIR.  Initial  Outfitting 
Lists  and  Allowance  Lists.  The  equipment  and 
parts  listed  in  these  publications  are'  made  * 
available  to  aircraft  operating  and  maintenance 
activities  in  accordance  with  assigned 
operational  and  maintenance  responsibilities 
through  appropriate  applications  of  Allowance 
Lists  and  Outfitting  Lists^.    -  * 

The  Aeronautical^Allowance  Lists  Program  is 
designed  to  cover'the  various  types  of  aircraft 
support  equipment  and  repair  parts  considered 
to  be^required  by  maintenance  activities. 

^  Repair  parts,  nuts,  tolts,  etc.  are  included  in 
the  publications  identified  as  Initial  Outfitting 
Lists.  Maintenance  support  equipment  items 
such  as  test  stands,  aircraft  jacks,  lubricating 
guns,  wrenches,  drills, '  conipass  testers,  and 
voltmeters  are^  included  in  publications, 
identified  as  Allowane^  Lists. 

These  Lists  are  identified  by  Sections. 
Certain  sections  such  .as  H  and  K  are  issued  as 
individual  publications.  Others  such  as  B,  R,  and 
Z  appear  as  a  series  of  publications,  each  of 
which  is  applicable  to  a  specific  model  of 
equipment,  model  of  aircraft,  or  type  of 
activity.  .    \  ,  * 

ITie  ASM  should  be  especially  familiar  with 
the  following  sections:  / 

Section  G  Allowance  List,  General  Support 
Equipment.  This  section  lists  g^eneral  handtools, 
consumable  support  equipment,  and  installed 
shop  equipment. 

Section  -  K,  Allowance  List  for  Naval 
Aeronautic  Publications  and  Forms. 

Section  Z  Initial  Outfitting  Lists'.  These  list 
peculiar  repair  parts  for  mobile  .  electric 
powerplants,  precision  measuring  equipment, 
and  peculiar  and  comnion  ground  support 
equipment.  '  ' 
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Allowance  Lists  and  Outfitting  Lists,  in 
coiyunction  with  the  IMRLs  (explained  later  in 
.  this  chapter),  consist  of  listings  of  the 
equipment  and  material  (both  expendable  and 
accountable)  necessary  to  place  and  maintain 
activities  of  the  aeronautical  organization  in  a 
material  readiness  condition.  Allowances 
contained  in  these  lists  are  based  on  known  or 
estimated  requirements  and  on  available  usage 
data. 

All  Allowance  List  and  Outfitting* List  code 
numbers  include  NA  as  a  prefix  (discussed 
previously)  followed  with  00-35(7*  plus  the 
section  identification  letter  and  a  dash  number 
to  identify,  a  particular  section  or  series.  For 
example,  a  section  Z  Initial  Outfittii)g  List 
which  contains  a  listing  of  .spare  part's  Tor 
hydraulic  test  -stands  is  numbered  NA  00^35  ' 
QZ-39.    *  \  ^ 

A  program  closely  related  to  the  Allowance 
Lists  and  Outfitting  Lists,  is  the  Aircraft 
Maintenance  Material  Readiness  List  (AMMRL). 
This  pfogram  provides  for  the,  development  of 
data  and  documentation  needed  to  determine 
and  establish  firm  support  equipment 
requirements  and  inventory  control  of  aircraft 
maintenance-  syppor^  equipment.  Within*  the 
AMMRL  there  are  material  readiness  lists,  which 
are  discussed  in  the  following  paragraphs. 

The  *  Application  Data.  Materi^^l  Steadiness 
List  (ADMRL)  is  used  to  specify  the 
requirements  for  each  item  of  aircraft 
maintenance  support  equipment  against  each 
levef  of  maintenance  and  selected  ranges  of  each 
aircraft,  engine,  propeller,  arid  system  for  which 
_each  item  is  needed.  The  initial  ADMRL  is 
established  by  NAVAIRSYSCOM.  Through  the 
•use  of  data  proce^ing  machines  this  data  is  used 
to  develop  Individual  Material  Readiness  Lists. 

The  Individual  Material  Readiness  List ' 
(IMRL)  specifies  items  and  quantities  of  ground 
sup  port  equipment  required  for  material 
readiness  of  the  aircraft  maintenance  activity  to. 
which  the  list_  applies.  The  list  applies  to  an 
activity  by  name.  The  Naval  Air  '  Systems 
Command  Representative  is  responsible  for  the 
preparation  of  the  IMRL  for  each  activity  in  his 
cognizant  area.  It  is  prepared  by  extracting  from 
the  ADMRL  those  applicable  portions  which 
pertain  to  the  specific  aircraft  and  main.t'^nance 


material  assignments  of  the  activity  for  which, 
the  list  is  developed. 

The  IMRL  should  be  reviewdd^rrnually  and 
updated  by  each  activity  to  support  current  and 
anticipated-  changes  in  '  ground  support 
^equipment  requirements.  Because  the  IMRL  is 
continually  reviewed  and  updated  and  approved 
by  the  cognizant  ^command,  it  is  the  Tirrh 
maodatory  material  readiness  list  of  the  activity 
to  vCliich  the  list  applies. 

/ 

TRATNING  LITERATURE  ,00-80 
SERIES).— This,  scries  of  publications  is  issued 
by  authority  of  the  Deputy  Chief ,  Naval 
Operations  (Air).  Included  are  various  Air  Safety 
PampHlets  and  General  A'viation  Training 
"Publications.  For  example,  NA  >  00-80T-96, 
Aircraft  Support  Equipment,  General  Handling 
and  Safety  Manual,  is  one  of  the. training 
manuals  in  this  series. 

Support  Equipment  Manuals 
fl7and  19  Series) 

■r  ^ 

The  1 7  and  19  series  of  aeronautic  technical 
manuals  cover  most  typos  of  support  equipment. 
The  manufacturer  of  each  item  of  support 
equipment  is  "required  to  furnish  adequate 
instructions  for  operating  the  equipment  and 
maintaining  it  throughout  its  service  life.  These 
manual^  are  prepared  by  the  manufacturer  and 
are  issued  under  the^authorlty  of  the  Naval  Air 
Systems  Comnfand.  They  are  then  official  Navy 
publications^      =•  ^  . 

Support^  eq u i p m e nt  mahuals *  contain 
descriptive' "  data;  detailed  .instructions  ,  for 
operation,  servicing,  inspection,  maintenance, 
repair,  and  overhaul;  and  illustrated;^ parts  lists. 
All  available  support  'eqiaipment  manuals  are 
.  listed  c  in  the  appropriate  parts  of  the  Naval 
Aeronautic  Publications  Index.  NAVAIR 
00-500A  lists  Available  manuals  in  reference  to 
the  model,  type,  ^nd/or  part  number  of  th^ 
equipment.  All  available  support  equipment 
manuals  are  listed  in  numerical  order  (by  tjhe 
publication  number)'  in  NAVSUP  2002.  \In. 
addition;  support- equipment  manuals  are  listed 
(by  publication  rtximber  only)  in  NAVAIR 
t)0-500B  in  resf)cct  to' their  applica^tion  ^to, each 
model  and  configaration  of  aircraft. 
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If  an  ifetRpof  sUpportequipmenris  relatively  ''  : 
simpk;  all  the  necessary  instructions  may  "be}'- 
cgntained-in  a  single  manual.  An  example  is^AV  ' 
19-1-60,   Operation,   Service,   and  OverhaiU^ 
Imtructions  with  Illustrated'  Parts  Breakdo#^' 
for  the  Aircraft. JJniversal  Towbar  Assembly. 
More  compjex  equipment  may.  require  two  or 
more  manuals.  For  example,  one  manual  may 
contain    operation,    service,    and  repair 
instructions,   while  4he   parts  breakdown  is 
contained  in  a  separat^maniial.  * 

Regardless  of  the  number  of  manuals  used  to 
contain  these  instructions,  the  terms  Operation, 
Service,  and  Repair  (or  Overhaul)  are  usually 
used  in  the  title  of  Ihtst  instructions.  However, 
some  of  the^'jiewer  models  of  equipment  arc 
provided  with  manuals  for  different  levels  ,  of 
maintenance,  Invthis  case,  the  manuals  are  titled 
Maintenance  Instructions,  Organizational  Level; 
Maintenance  Instructions,  IntermediSte  Level; 
and,  if  required,  MaifitenariCe  Ii}«^ctions/ 
j^epot  Level.    : ' 

OPE^RATIQN  AND  S'ERVICE 
tSTRUCTIONS. -Although  sometimes  issued- 
asXseparate  manuals'.  Operation- -and  Service 
instmctions  for  each  item  of  support  equipment 
are  uWally  .combined  into  oi^eT  manual,  and,  as 
previot^sly  stated,  are  often  combined  ^yith  other 
instruct^ons'and  the  parts  breakdown.  Operation 
and  Semce  Instructions  include  information 
necessaryXfor  organizational  Kvel  maintenaitfe^ 

Operation  and  --Service-Instru^'tions-Manuals^  : 
are  divided  \nto  Sections.  The  manuals  vary  as  to 
content  and\number  of  sections.  The  following 
is  ^  descriptmn  of  the.  sections  of  a  typical 
manual.^     .\  ' 

The  first  section  usually  contains  *an 
introduction  an^  description  of  the  equipment. 
•Thi^  includes  a  ge^neral  description  and  purpose 
of  the  item  of  equipme^it  and  brief^descriptions 
pf  the  major  coniponejits.  This  section  also 
usually  contains  a  t^le  of  specifications.  These' 
specifications  include\  such  information  as  the.  " 
weight  and  overall  dimensions  of  the  equipment; 
capacities  of  the\fuel,  i^H,  and  cooling  systems; 
the  manufacturer,  model,  and  type;  and  leadfng 
particulars  of  the  engine,  fuel  system 
components,  electrical  systejns  components, 
'transmissions,  etc.  ' 


In  some  manuals  section  II  contains  a  list  of 
speciar.tpols  reqmred  for  the  operation  and 
service  of  the  equipment,  ^ 

The  next  section  gives  information 
pertaining  to  the  preparation  of  the  unit  for  use. 
Instructions  necessary  for  unpacking  '  and 
assembling  the  unit  are  Covered  in  this  section. 
This  section  also  includes  any  adjustments  and 
inspections  that  must  be  made  and  any  safety 
precautions  that  must  be  observed  before  the 
imit  is  operated.  Some  manufacturers  include  in 
this  ^  section  information  concerning  tlie 
preparation  of  the  unit  for  storage  and 
shipment  , 

The  next  section  gives  Complete  and  detailed 
operating  procedures  for  the  equipment.'  Such 
information  as  the^nciples  of  .operation,,  the 
pr;rpose  and  use  of  the  operating  Qontfols,  and 
the  purpose  and  use,  of  the  indicating 
instruments  are  included  in  this  section.  Normal 
operating  pressures  ¥and  temperatures  are  also 
given.  Safety  precautions,  .in  "the  form  of 
WARNINGS  and  CAUTIONS  are  inserted  in'the 
appropriate  parts  of  .th^'  text.  These  same 
methods  of  presenting- safety  precautions  are 
used  in  all- support  equipment  instructions' 
manuals.  ^  -  - 

'  The  service  instructions  ^re  •contained  in  the 
next  section.  These  instructions »  pertain  to 
periodic  inspections,  !  maintenance,  ,  and 
lubrication.  Charts  or  tables  are  usually  used  to 
indicate  the  inspection  interval  of  systems  and. 
components.  (Periodic  injspectiojjs  of  most 
support  equipment  are  performed  iil  accordance 
with  Maintenance  Requirements  Carols  which  are 
used  in  conjunction  with  the  information 
contained  in  this  section.)  The  specifications  for 
oil,  fuel,  lubricants,  etc.,  are  included  in  this 
section.  Diagrams,  .showing  the  places  to  be 
lubridated,  are  also'  included.  In  some  manuals, 
troubleshooting  cl\arts  ^re  included  in  this 
section.  Other  ihanuals  contain  an  additional 
section  for  these  charts.' 

The  Operatign  and  Service  Instructions,*  as 
well  as  the  other  parts  of  support,  equipment 
manuals,  usuallsf  contain  illustratiojis  to  clarify 
the  text.  The  illustrations  provided  in  support 
equipment  manuals  are  similar,  to  those 
presented  in4his  training  manual;  a  wide  variety 
of  'graphic  presentations  is  utilized.  These 
include  pictorial  drawings  (isometric  drawings 
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and  reproductions  of  photographs), 
orthographic  drawings,  and  VJiematic  and-block 
diagrams..  Co:  lations  of  these  drawings  and 
diagrams  are      ,z;ed  in  some  illustrations. 

NOTE:,  for  detailed  information  concerning 
different  :ypcs  of  drawings  and  diagrams, 
^including  the  definitions  of  terms  used  in 
conjunction  v/ith  these  graphic  presentations, 
refer  to  Blueprint  Reading  and  Sketching,  ' 
NavPers  10077  (Series)  which  also  illustrates 
many  of  the  different  symbols  used  on  diagrams. 

REPAIR  OR  OVERHAUL 
INSTRUCTIONS. -Information  pertaining  to 
intermediate  level  maintenance  of  support 
equipment  is^.  usually  issued  as  Repair  or 
Overhaul  Instructions.  In  some  manuals  this 
information  is  titled  Maintenance  Instructions 
and  covers  the  repair  and/or  overhaul  of  the 
equipment. 

The  title,  of  this  type  manual  or  section  of 
the  manual,  depends  .  upon  the  type  of 
maintenance  that  must  ;  be  performed  on  the 
equipment.  Some  equipment  simply,  requires 
repair  and  replacement  of  defective  parts. 
Repair,  as  it  applies  to  maintei.una?  of 
aeronautical  cquipment^JsJlw-i^toration  of  an 
item  of  equipment  >i(5an  accepthtle  operating 
condition  v'Uhoutr  complete  disassembly  and 
inspection.  The"  inaintenance  information 
required  for  this  type  equipment  is  usually 
issued  as  Repair  Instructions. 

'  Some  items  of  support  equipment  must  be- 
overhauled  at.  regular  intervals.  Overhaul  is  the 
disassembly  of  an  item  of  equipment  as  required 
to  permit  inspection  of  every  component  part 
Component  parts  which,  upon  inspection,  will 
not  meet  requirements  as  set-forth  in  applicable 
specifications  are  restored  or  replaced  by  new 
parts  so  that  after  reassembly  and  test,  the 
equipment  will  meet  the  requirements  set  forth 
in  the  applicable  specifications.  Maintenance 
information  of  this  type  is  gener^lV  issued  as 
Overhaul  Instructions.  The  overhaul  intervals 
(number  of  miles,  number  of  starts,  hours  of 
operation,  months  of  operation^  etc.)  are 
specified  in  the  Overhaul  Instructions. 

If  the  Repair/or  Overhaul  Instaictions  are 
published  as  a  separate  manual,  the  first  section 
is  a  brief  introduction.  This  includes  the  purpose 


and  leading.,  particulars  of  the  iterii  of 
equipment.  The  remainder  -of  the  manual 
contains  complete  repair  or  oyerhtial 
instructions  and  test  procedures.  If  combined 
with  the  Operation  and  Service  Instructions,  the 
Repair  or  Overhaul  Instructions  are  arranged  in  a 
section,  or  sections,  following  .Uie  service 
instructions.'  '  .      '  ' 

I  L  L  U  ST  RATED  PARTS 
BREAKDOWN.-The  purpose  of  the  Illustrated 
Parts  Breakdown  (IPB)  is  to. assist  supply  and 
maintenance  personnel  in  the  identification, 
requisitioning,  ancil  .  issuing  of  parts  for  the 
applicable  item  of  support  e,quipment. 

The  IPB  for  some  complex  items  of  support 
equipment  is  issued  as  a  separate  manual  and  has 
its  own  identificatibn  number.  The  IPB  for  most 
items  of  support  equipment  is  combined  with 
one  or  more  sections  of  the  instructions  manuals 
and  is  the  last  section  or  sections  of  the  manual. 
An  example  of  the  title  of  a  CGmt)ined  manual  is 
rat  ion  and  Service  Instructions  with 
illustrated  Parts  Breakdown. 

Although  the  JPB  appears  jn  some  manuals 
as  one  section,  it  is  usually  divided  into  three 
sections  or  parts-Introductron,  Group  ij^ss#nbly 
Parts  Lis^t,  and  Numerical  Index.  In  addition  to 
these  ■'tnt^ee  parts,  a  Table;  of  Contents  is 
provided.  If  the  IPB  is  a  separate  manual,  the 
Table  of  Contents  is  contained  in  the  first  ^few 
pages  of  the  manual.  If  the  IPB  is  combined  with 
instructions  manuals,  a  combined  Table  of 
Contents  appears  in  the  first  few  pages  of  the 
combined"" manual;  In  either  ca^^the  Table  of 
Contents  contains  a  List  of  Illustrations  which 
plays  an  important  role  in  locating  parts  in  the 
IPB.  J 

The  Introduction  contains  detailed 
^instructions  for  tho^  use  of  the  IPB.  All  the 
\nformation  in  this^section  should  be  read  prior 
tq  usijig  the  remaii^'ing  scetions.  The  information 
in.  the  Introduction  will  aid  the  ASM  in  locating 
the  necessary  par^  or  parts  quickly  and  easily. 

,  The  next  section,  Group  Assembly  Parts 
List,  lists  and  illustrates  the  asseniblies  and  parts, 
of  the  equipment.  As  mentioned  previously, 
exploded  views  are  usually  used  to  illustrate 
these  assemblies  and  parts.  The  parts  lists  are 
used  in  conjunction  with  the  illustrations.  Index 
numbers  in  the  parts  lists  correspond  to  those  on 
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the  illustrations.  15ys  section  and  the  List  of  „ 
Illustrations  are  used  to  locate  and  identify  a 
jJart  when  the  part  number  iS;  unknown.  The 
steps  invblved  in  this  process  are  presented  in 
figure  5-3:\  ^  . 

\  ■  ■■'  . 

The  laist  section,  the  Numerical  Index, 
contains  an\  alphanumerical  listing  of  -  all  the 
parts  in  the  IPB.  In  addition  to  the  part 
numbers,  the  \Nui3ierical  Index  contains  such 
informatiori  as  ^national  stock  number  data, 
figWg  and  index  numbers,*  source  code  data,  and 
repair  code,  i'  .^ 

■  The.  Numerical  Index  is  used  to  find  the 
illustration,  and  nomenclature  of  a  part  if  the 
part  number  is  known.  Figure  5-4  illustrates  the 
steps  involvedl  in  this  process. 

.  Technical  Information  File  of* 
Grounc)  Support  Equipment  » 

■  I       •  -i 
^      The   Military   Stahdairdization  Handbook, 

Technicjl  Information  File  of  Ground  Support  . 

Equipment|\.MIL-HDBK-300B,    provides  a 

consolidated  vSource  of  descriptive  information 

about    individual   itehls   of  ground  support 

equipment  used  by  the  Navy,  .Air,  Force,  and 

Army.   It   consists   of  several  volumes  and  . 

provides  descriptive  information  such  as: 

1 .  Official  nomenclature  of  the  item? 

2.  Manufacturer  and  model/type  nymber. 

3.  Functional  classification. 

4.  National  stock  number. 

5.  A  photograph  or  drawing  of  the  item. 

6.  Functional  description  (purpose)/ 

7.  Its  relation  to  other  equipment. 

8.  -E  1  e  c  t  r  o  m  e  c  h  a  h  i  c  a  1  /  m  e  c  h  a  n i c al 
description  (technical  details). 

9.  Reference  data  and  literature  available 
about  the  item. 

10.  Shipping  data  (size,  weight,  etc.). 

Updating  Manuals 

,  Modern  technology  is  a  constantly  changing 
thitig.  What  is  considered  to  be  the  'iatesf' 
word  today  may  be  modified,  totally  revised,  or 
.  otheifwise  made  obsolete  tomorrow.  This  is  not 
always  a  planned  or  intended  condition,  but  it 
must  be  accepted  and  dealt  with. 


These  changing  , conditions  apply  to 
aeronautip  technical  publications.  They  require 
that  proinpt-action  be  afforded  to  change  and 
revise/ all  "^material  which  •  is  related  to  the 
.  technical  infomiation  and  data  used  by 
maintenance  and  operational  personnel. 
,  Tfie''  degree  of  urgency  of  ug_dating 
publications  depends  upon  the  type  of, 
information  involved ;  and  the...  frequency  of 
reference  to  the  affected,  publications.-^  In  ^  any 
event,  technical  data  change  and  revision 
material  should  not  be  allowed  to  accumulate  at 
^any  point.  ./ 

Copies  of  these  changes^  pnd  revisions, 
received  -  through ,  the  ptoper  submission  of 
NAVAIR  Form  5605/3,  are  first  delivered  to  the 
technical  library.  Personnel  of  the  library  make 
the  necessary  changes  to  the  affected 
publications  filed  in  the  library.  However,  the 
■changes  affecting  the  publications* held  by  the 
•production  divisions  are  routed  to  the 
appropriate  work  center.  Personnel  of  the  work 
center  are  then  required  to  incorporate  the 
changes  into  their  copies'  of  the  affected 
publications.  '  ... 

The  changes  or  revisions  are  prepared  by  the 
manufacturer  of  the  specific  equipment  and  are 
issued  under  the  authority  of  the  Naval  Air 
Systems  Command.  The  changes  or  revisions 
may  ^direct  write-in  changes,  provide 
replacement/additional  pages,  and/or  provide 
information  affecting  various  parts  of  the 
manual,  in  which  case  the  information  is 
prepared  as  supplemental  data. 

When  incorporating  changes,  the  instructions 
provided  on  the  front  page  of  the  change  should 
be  followed  exactly.  Write  in  material  should  be 
entered  neatly  and  legibly  using  indelible  ink. 
Text  material  to  be  deleted  should  have  a  single 
line  ruled  neatly  through  every  line  of  type. 

Supplemental  data  is  supplied  on  pages  to  be 
filed  next  to  the  affected  pages  in  the  manual. 
Supplementary  pages  are  inserted  in  the  manual 
in  page  number  order  and  are  identified  by  a 
letter  added  to  the  page  number.  For  example,  if 
a  supplementary  page  is  issued  bearing  the 
number  2-16A,  it  is  placed  between  pages  2-16 
and  2-17.  The  supplementary  information  may 
be  applicable  to  either  br  both  of  these  pages. 

Replacement  pages  are  designed  to  replace 
pa'ges  already  in  the  basic  publication:  They  are 


133 


138 


EKLC 


AVIATION  SUPPORT  EQUIPMENT  TECHNIQAN  M  3  &  2 


TURN  TO  LIST  OF 
ILLUSTRATIONS. 


DETERMINE  LOGICAL  SEC- 
TIONAL GROUP  UNDER  WHICH 
THE  PART  OR  SUBJEa 
SHOULD  BE  USTED. 


FIND  THE  TITLE  OF  THE 
ILLUSTRATION  ON  WHICH 
TMC  PART  SHOULD  BE 

JHOWNL  


TURN  TO  ILLUSTRATION 
AND  FIND  THE  PART. 


REFER  TO  SAME  FIGURE 
AND  INDEX  NUMBER  ON 
PARTS  LIST.  ^ 


Figure  5-3.-Use  of  the  IPB  when  the  part  number  is  unl$nown. 
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Figure  5-4.— Use  of  the  IPB  when  the  part  number  is  known. 
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numbered  in  exactly  the  same  way  as  the  pages 
they  replace.  The  date  of  the  change  is  shdwn  on' 
the  bottom  of  the  page  in  the  comer  opposite 
the  page  number.  Prior  to  incorporating 
replacement  pages  they  should  be  counted  and 
the  numberVioted.  When  the  task  is  finished,  the 
removed  pages  should  be  counted  to  make  sure, 
that  the  same  number  were  removed  as  were  put 
in.  Also,  the  bottom  of  each  removed  page 
should  be  checked  for  *dates  to  make  sure  no 
new  replacement  pages  were  inadvertently 
niissed. 

On  the  back  of  each  change  notice  cover 
page  is  a  cumulative  list  of  all  changed/revised 
pages  issued  and  the  date  of  issue,  since  the  basic 
date  of  the  manual.  Checking  the  listed  pages 
and  dates  against  the  corresponding  pages  of  the 
manual,  which  ar6  also  dated,  provides  one 
method  of  determining  currentness  and 
comple^teness  of  the  manual.  This  paf^e  becomes 
the  cover  page  of  the  revised  manual. 

In  addition  to  the  normal  technical  manual 
change  and  revision  system  described  above,  a 
Rapid  Action  ^Change  (RAC)  system,  has  been  , 
developed  recently  to  improve  the  timely 
issuance  of  urgently  required  information. 
Under  this  system,  information  affecting  flight 
safety,  hazards  to  personnel,  or  grounding  of 
aircraft  is  disseminated  -via  naval  message  and 
immediately  incorporatecl  in  the  affected 
manual.  A  manual  change  page  follow-up  is  then 
required  within  1 5  days  of  the  release  of  the 
message.  As  indicated  by  the  typ«  of 
information  disseminated  in  this  manner,  this 
system  pertains  primarily  to  aircraft  technical 
manuals.  However,  ,  support  equipment  can 
indirectly  affect  flight  safety  and  grounding  of 
aircraft  and  can  directly  cause  hazards  to 
personnel;  therefore,  the  RAC  system  is  also 
applicable  to  support  equipment  manuals.  In 
addition  to  the  message  type  of  thange, 
i  n  formation  of  a  * ^oss--  "urgent  nat ure- -is 
disseminated  by  RAC  change  pages  that  must  be 
printed*  within  30  days  after  problem  resolution 
and  is  generally  limited  to  1 2  pages  or  less. 

It  should  be  emphasized  that  the  RAC 
system  does  not  affect  the  normal  change  and 
revision  requirements.  The  RAC  system  merely 
supplements  the  existing  change  system  to 
provide  for  rapid  issue  of  urgently  required  data. 


LETTER-TYPE  DIRtCTIVES 

There  are  two  broad'categories  of  letter  type 
directives.  One  category  pertains  to  information 
of  a  technical  nature  and  includes  Bulletins  and 
Changes.  This  category  is  referred  to  as 
Technical  Directives.  The  other  category 
pertains  to  policy  and  administration 
procedures.  Instructions  and  Notices  are  used  to 
disseminate  this  type  of  information.  These 
different  forms  of  letter-type  directives  are 
discussed  in  the  following  paragraphs. 

Technical  Directives^* 

The  Technical  Directive  System  has  been 
.  established  for  the  control  and  issue  of  all 
technical  directives.  This  system  standardizes  the 
method  of  issuance  for  such  directives  and*^*is  the 
authorized  means  for  directing  the 
accomplishment  and  recording  of  modifications 
and  onetime  inspections  of  ground  support 
equipment  as  well  as  aircraft  and  other 
aeronautical  equipment.  The  Technical  Directive 
System  is  an  important  efement  in  the  programs 
designed  to  maintain  equipment  in  a  safe  and 
current  state  of  operational  and  '  material 
readiness. 

This  system  ,-ovides  for  two  types  of 
technical  directives.  The  types  are  determined 
by  the  method  of  dissemination';  The  two  types 
are  Formal  (letter-type)  and  Interim 
(message-type).  In  general  ^terms,  they  are  both 
considered  as  letter-type  publications.  Such 
directives  contain  instructions  or  information  of 
a  technical  nature  which  cannot  be  disseminated 
by  revisions  or  changes  to  technical  manuals. 
However,  the  accomplishment  of  a  technical 
directive  often  necessitates  a  change  or  revision 
to  the  applicable  technical  manual.  Technical 
directives  are  issued  in  the  form  of  Changes,  or 
in  tlie  case  of  special  circumstances,  by  Interim 
Changes  or  Interim  Bulletins. 

A  formal  technical  directive  is  issued  as  a 
Qiange,  or  as  an  amendment  or  revision  thereto, 
and  is  disseminated  by  letter.  Formal  directives 
are  used  to  direct  the  accomplishment  and 
recording  of  modifications  to  support 
equipment,  as  well  as  aircraft  and  related 
equipment.  An  interim  technical  directive  is 
issued  as  a  Change  or  a  Bulletin,  or  as  an 
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amendment  or  revision  thereto,  and,  in  order  tb 
ensure*  prompt  delivery  to  the  concerned 
activities,  it  is  disseminated  by  message.  The  . 
interim  technical  directive  Js  reserved^for  those 
instances  when  jt  is  necessary  to  correct  a  safety 
or  \  operational  condition  ^enever  it  is 
considered  too  important  to  risk  waiting  for  the 
issuance  of  a  formal  directive. 

^Bach  Interim  Change  is  superseded  by  a 
Formal  Change  directive  which  will  have  the 
same  number  as  the  interim  directive.  Interim 
Bulletins  are  not  superseded'by  Formal  Bulletins 
as  was  previously  the  case.  NAVSUP  Publication 
2002,  will  still  have  many  Interim  Bulletins 
listed  im til  they  are  eventually  phased  out. 

A  Change  is  a  document  containing 
instructions  anfl  mformation  which  directs  the 
accomplishment  and  recording  of  a  material 
chanjge,  a  repositioning,  a  modification,  or  an 
alteration  m  the  characteristics  of  the  equipment 
to  which  it  applies.  A  change  is  issued  to  direct 
that  parts  be  added,  removed^  Or  changed  from 
the  existmg  configiu^tion  or  that  parts  or 
material  be  altered,  relocated,  or  repositioned. 

A  Change  -  may  be  issued  in  parts,  to 
accomplish  distmct  parts  of  .a  total  directed 
action  or  to  accomplish  action  on  different 
configurations  of  affected  equipment. 

A  Bulletin  is  an  interim  document 
comprised  of  mstructions  and  information 
which  directs  an  mitial  inspection  to  deteimine 
•whether  a  given  condition  exists.  It  specifies 
what  action  is  to  be  taken  if  a  given  condition  is 
found  or  not  found.  ^ 

Sometimes  it  is  found  that  a  Change  or, 
Bulletm   is  not  the  complete  answer  to  a 
problem,  and  it  is  determined  necessary  to 
amend  or  revise  an  outstanding  directive.  An 
Amendment    is   a   document   comprised  of 
information  which  clarifies,  corrects,  adds  to, 
deletes    from ,    makes    minor    changes  in 
requirements  to,  or  cancels  an  existing.directive.-. 
It  is  only  a  supplement  to  the  existing  directive  ' 
and   not  a  complete  directive  in  itself.  A 
maximum  of  three  Amendments  may  be  applied 
to  any  technical  directive,  each  remaining  in 
effect   until   rescinded   or  superseded  by  a 
Revision.  A  requirement  for  further  amendment 
action  necessitates  the  issuance  of  a  Revision. 


A'^  Revision  is  a  completely  new  editipn  of  an 
existing  technical  directive(  It  supersedes  the 
original  directive  and  aU  existing  Amendments; 
'  Interim  bulletins  are  self-rescindmg  with 
rescission  dates  of  30  June  and  31  December, 
whichever  is  apgropiiate  for  the  case  at  hand. 
Rescission  is  tilie  process  by  which  a  technical 
directive  is  removed  from  active  files  after  all 
requirements  have  been  incorporated  and 
recorded.  Rescinding  dates  are  also  prcjjected  for 
formal  changes.  Fmal  rescission  action  of  all 
technical  directives  is  directed  in  NAVSUP 
Publication  2002.  All  activities  maintaining  fifes 
of  technical  directives  should  retain  all  technical 
directives  until  they  are  deleted  from  NAVSUP 
Publication  2002. 

Changes  and  Bulletins  are  issued  by 
technical  personnel  of  the  Naval  Air  Systems 
Command  and  are  baused  on  Contractor  Service 
Bulletins,  on  reports  from  various  Data  Siervices^ 
or  letters  of  recommendation  or  proposed 
modifications  from  field  service  activities.  They* 
are  'automatically  distributed  to  all  activities 
.  concerned  through  inclusion  on  the  Mailing  List 
Request  for  Aeronautic  Publications,  NAV^IR 
5606/3.^ 

Changes  and  Interim  Changes  are  "assigned 
numbers  in,  a  numerical  sequence  by  Jhe 
Technical  Directives  Control  Center,  located  at 
the  Naval  Air  Technical  Services  Facility 
(NATSF),  Philadelphia,  Pa.  A  Formal  Change 
which  supersedes  an-  Interim  Change  will  have 
.  the  same  number  as  the  Interim  Change.  Interim 
Bulletins  are  numbered  similarly  in  another 
number  series. 

ThC'title  of  a  Change  or  Bulletin  for  support 
equipment  is  made  up  of  three  parts.  Part  one  is 
the  term  "Support  Equipment,"-  part  two,  the 
word  or  words  "Change,"  ''Interim  Change,"  or  . 
"Interim  Bulletin;"  and  part  three,  the 
sequential  number.  When  applicable,  the  words 
"Rev.  A,"  "Amendment  1,"  etc.,  follow  the 
basic  directive. 

Changes  are  classified  by  various  "action" 
categories.  Bulletins  may  also  be  assigned  an  ^ 
action  classification,  but  it  is  not  mandatory. 
The  assigned  action  category  serves  as  a  priority 
for  comphance  with  the  various  dit-ectiyes. 

The  category  "Immediate  Action"  is 
assigned  to  directives  which  are  issued  to  correct 
safety  conditions,  the  incorrectcd  existence  of 
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M^ch  would  probably  result  in  fatal  or  serious 
injury  to  personnel,  or  extensive  damage  or 
destruction  of  property.  Imme'diate  Action 
directives  involve  the  discontinued  use  qf  the 
equipment  in  the  operational  employment  un^ler 
which  the  adverse  safety  condition  exists,  un^Hlx 
^  the  directive  has  been  complied"  with.  If  the  use  - 
of  the  equipment  virill:  not  involve  the  use  of  the 
affected  component  or  system  in  either  normal 
or  emergency  situations,  compliance  may  be 
deferred,  .but  should  be  accomplished  no  later 
than  1 20  days  from  the  date  of  issue.  Immediate 
Action  directives  are  identified  by  a  border  of 
black  X*s  on  the  cover  page,  broken  at  the  top 
center  of  the  page  by  the  words  .  "IMMEDIATE 
.  ACTION,*^  printed  in  black. 
-  The  category  "Urgent  Action*'  is  assigned  to 
directives  which  are  used  to  correct  safety 
conditions  which,  if  uncorrected,  could  result  in  ^ 
personnel  injury  or  property  damage.  This 
category  of  directive  is  identified  by  the  words 
"URGENT  ACTION"  printed  in  black  ink  at  the 
top  of  the  first  page  and  a  border  of  black 
diagonals  around  the  cover  page. 

The  compliance  requirements  for  Urgent 
Action  directives  specify  that  the  incorporation 
of JheJnstTUCtions  must  be  accomplished  upt 

-.--later  than  the  next  regularly  scheduled  rework 
^  or  overhaul  or,  for  equipment  not  reworked  Oi 
overhauled  on  a  regularly  scheduled  basis,  not 
later  than  18  months  after  the  date  of  issuance. 

Routine  Action  directives  are  issued  where 
there  are.,  reliability,  capability,  or 
maintainability  deficiencies  which  could,  if,  . 
uncorrected,  become  a.  hazard,  tJiipugh 
prolonged  usage  or  have  an  adverse  effect  pi^the 
operational  life  or  general  service  utilization  o^\^ 
equipment.    The    compliance  requirement 

.:  rspecifies  the  incorporation  of  the  instructions 
■-not  later  than  the  next  rcgi.url/  schediile*-* 
overhaul  or  rework,  or  for  '^quipme  •  '  n 
reworked  or  overhauled  on  a  schedule*  ^i^sis, 
not  later  than  18  months  after  i^'suance  oi*  the 
directive.    If   accomplishment   of  the  work_ 
requires  depot  level  maintenance  capability.;  the 
compliance  may  be  deferred  if  it  will  seriously  . 
Interfere   with   operational   commitments  or 
sched  ules.    Routine    Action    directives  arc 
identified  by  the  words  ''ROUTINE  ACTION" 
printed  in  black  capital  letters  at  the  top  center 


-n  r 

of  the  cover  page  and  no  border  symbols  are 
used.  Table  5-3  illustrates  the  technical 
directives  priority  system  just  described.  ' 

Record  Purpose  category  is  assigned  to  a 
technical  directive  when  a  modification  has  been 
completely  incorporated  by  the  contractor 
before  acceptance  by  the  Navy.  This  category  of 
technical  directive  merely  documents  the  action 
for  configuration  management  purposes. 
Consequently,  compliance  information  is  not 
applicable.  They  are  identified  by  the  words 
"RECORD  PURPOSES"  printed  in  black  capital 
letters  at  the  top  center  of  the  cover  page. 

Instructionsand 
Notices 

Instructions  and  Notices  are  directives 
containing  information  and  instructions 
concermng  policy,  administration,  -  and  air 
operations. .  They  are  issued  by  all  systems 
commands,  .  bureaus,  ships,  stations,  and 
operating  activities.  Those  issued  by  the  Naval 
Air  Systems  Command  are  known  as  NAVAIR 
Instructions  and  Notice^. .  * 

Instructions  are  c^rectives  of  a  continuing 


nature  and  are  effective  until 
superseded  by  a  later  directive. 


canceled  or 


Notices  are  directives  of  ^  bne-time'nature  of 
directives  which  are  applicable  for  a  brief  period 
of  time.  Each  Notice  cpntains  a  pro'^sion  for  its 
own  cancellation.        '''"^\  x 

Instruction^  are  nuriibered  in  consecutive 
order  according  to  the  subject^ covered  in  the 
Instruction.  Notices  are  not  2(ssigii'ed  consecutive 
^numbers  because  of  their  onie-tfme  nature  or 
brief  duration..  For  this  reason,  the  date  must 
^always  be  used  when  referring  to  a  Notice. 
Thbse^nsl 
ionm 

Ships,  Stations,  and  Units  concerned  with  Naval 
Aircraft,"  or  to  certain,  activities  only.  Each 
activity:  maintains  a  file  of  all  pertinent 
Instructions  and  Notices  still  in  effect. 

MISCELLANEOUS  AVIATION 
PUBLICATIONS 

Several  unofficial  publications  of  general 
interest  to  aviation  personnel  are  available  in 


Instructions  and  Notices  pertaining  to 
viatioiT^aintenance  may  be  addressed  to  "All 
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Table  5-3.-Techn!cal  directives  priority  system 


Action 
classification 

Type 
directive 

Situation  ^ 

Time  limits 
for  compliance 

Immediate 

Interim 
or 

Use  of  the  equipment  INVOLVES  use  of  the 
affected  component  or  system  in  normal 
or  emergency  operation. 

Prior  to  further  use 
of  the  affected 
equipment.  - 

Formal 

Use  of  the  equipment  DOES  NOT  INVOLVE 
use  of  the  affected  component  or  system 
in  either  normal  or  emergency  operation. 

Not  later  than  1 20 
^  days  after  .  * 
issuance.  ^ 

Urgent 

 c  1 

Interim 

Use  of  the  equipment  INVOLVES  use  of  the 
affected  components  or  system  in  normal 
or  emergency  operation. 

Not  later  than  next 
'regularly  schedule 
rework  or  overhaul. 

Use  oflhe  equipment  DOES  NOT  INVOLVE 
use  of  the  affected  component  or  system 
in  either  normal  or  emergency  operation. 

Same  as  above. 

Formal 

Any 

Within  1?  months  of 
the  date  of  issue. 

..Routine 

■ 

^Formal 

• 

Any 

.1 

Within  18  months  of 
the  date  of  issue. 

most  operating  activities.  These  should'be  read 
regulariy  by  all  maintenance  personnel. 

Naval  Aviation  News 

The  Naval  Aviation  News,  NAVAIR 
00-75R-3,  is  published  monthly  by  the  Chief  of 
Naval  Operations  and  the  Naval  Air  Systems 
Command.  Its  purpose  is  to  disseminate  data  on 
aviation  training  and  operations,  aviation 
support,  equipment,  space  technology,  missile, 
rocker,  und  other  aviation  ordnance 
dcvelopmenls.  aeronautical  safety,  aircraft 
dc>sign»  p^^werplants,-  aircraft  recognition, 
l,fchr,ical     fij^tenance,  and  overhaul  procedures. 

This  piiblication  is  essentially  a  news 
msg'i/int  ?.  enables  readers  to  keep  abreast  of 
^Mr  i  unclassified  developments  in  every 
facet  ol*  naval  aviation.  In.addition;  the  coverage 
of .  fleet  operations  and  the  human  interest 
articles  on  the  noteworthy  feats  and 
accomplishments  of  individuals,  both  officer  and 


enlisted,  make  the  Naval  Aviation  News  an 
entertaining  as  well  as  an  informational 
periodical. 


Approach 

'Approach  (NAVAIR  00-75-510),  The  Naval 
Aviation  Safety  Review,  is  published^nionthly 
by  the.  U.S.  Naval  Aviatioji  Safety  Center  and  is 
distributed  to  all  naval  aeronautic  organizations 
on  the  basis  of  1  copy  for  every  10  persons.  It 
pre  s  e  n  t  s  t  he  most  accurate  information 
currently  available  on  the  subject  of  aviation 
accident  prevention.  ,  ^. 

A  lafgi'  number  of  aviation  accidents  arp 
maintenance-induced;  that  is,  they  -  occur 
during  preparation  for,  performance  of,  and 
securing  from  maintenance  or  as  a  result  of 
sloppy  or  improper  maintenance.  Some  aviation 
accidents  result,  eitH^ftjjuljrectly  or  indirectly, 
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from  carele^  use  of  improper  maintenance  of 
».suppoHi\:  equipment.  Iherefore,  articles 
conceVniiig'  aviation  support  equipment 
frequently  appear  in  this  magazine.  *  For 
exampl^/a  recent  article  recommended  that  tires 
with,  military  tread  be  used  on  support  vehicles 
to  decrease  FOD  (foreign  object  damage)  to 
aircraft,  in  addition, -.many  hints  on  general 
maintenance^  are  issued  in  the  Approach. 
Although  the^e  are  primarily  for  aircraft 
maintenance  personnel,  they  may  also  apply  to 
the  maintenance  of  Support  equipment.  For 
example,  a  recent  issue .  discussed  the  care  of 
bearings,  and  another  the  use  and  care  of  torque 
wrenches. 

The  Approach  magazine  reports  the  results 
of  accident  .  investigations;  and  for  those 
accidents  that  are  maintenance-induced, 
describes  what  was  done  wrong  and  how  it 
should  have  been  done;  suggests  corrective 
measures  to  prevent  future  accidents  resulting 
from  these  causes;  and  when  appropriate,  cites 
aeronautic  technical  publications  which  provide 
authority  for  changes  in  techniques  or  material 
to  improve  the  maintenance  product. 

In  short,  the  maintenance  man  who.  reads 
and.  heeds  the  messages  in  Approach  is  the  man 
who  benefits  from,  other  mechanics'  experiences. 
Put  Approach  on  your  required  reading  list  and^' 
look  for  it  every  month. 

Crossfeed 

Crossfeeds  are  "Official  Use  Only"*' 
publications  issued  by  the  Naval  Safety  Center. 
Each  Cfossfeed  is  in  the  form  of  a  letter  to  the 
squadron  aviation  safety  officer. 

Due  .to  the  designation  ''Official  Use  Only," 
the  Crossfeeds  are  not  available  for.  general 
distribution  throughout  an  activity.  The 
restriction  to  "Official  Use. Only"  derives  from 
OPNAV^  Instruction  P3750.6(Series)  which 
states  in  part  **.  r.  distribution  of  AARs 
(Aircraft  Accident  Reports),  incidents,  and 
ground  accident  reports,  MORs  (Medical 
Officer's  Reports),  reports  of  special 
investigations  of  aircraft  mishaps,  or  extracts 
therefrom,  will  •  be  limited  strictly  to 
commanders  and  other  authorities  named..." 
Crossfeeds  often  contain  such  material  extracted 


from   AARs   and   from  reports  of  ^special 
investigations. 

Crossfeeds  are  prepared  according  to  subject 
matter.  For  instance,  those  about  which  the 
Aviation  Support  Equipment  Technician  is  most 
concerned  are  the  Maintenance  Crossfeeds  and 
General  Crossfeeds.  From  time,  to  time  these 
contain  information  of  critical  importance  to 
the  ASM  in  the  performance  of  his  duties. 

The    unit's  *  aviation   safety   officer  will 
generally  pass,  on  Crossfeed  information  to  those  ' 
with  an  obvious  need  to  know  and  will  follovy. 
up  to  see  that  it  is  used.  However,  each 
applicable  Crossfeed  should  be  checked  for 
pertinent  information- by  the  ASM.  It  must  be 
kept  in  mind  that  the  average  ASM  will  see  only 
an  occasional  Crossfeed  unless  he  goes  out  of  his 
.  way    to    look    for   them.    For   those   who  - 
understand  the  need  for  special  handling  of  the- 
information  contained  in  Crossfeed'' and  are 
interested  enough  in  the  information  and  their  ■ 
jobs  to  ask  for  it,  these  publications  can  provide 
a  wealth  of  useful  and  timely  information. 

MECH 

MECFLis  published  quarterly  by  the  U.S. 
Naval  Safeity  Center  and  is  distributed  to  naval 
aeronautical  organizations  on  the  basis  of  1  copy 
per  IC  pejrsons.  It  presents  the  most  accurate 
information  available  on  maintenance-caused 
mishap  prt^vention  and  general  aviation  ground 
safety.  Cdtitents  are  informationol  and  should 
not  be  considered^  as  regulations,  orders,  or 
directives,     '     i  .        \  ^ 

The  MECH's'  motto,  is  "Our  product  is 
safety,  our  process  15  education,  and  our  pjofit  is 
measured   in    the  preservation  of  liv.b  and  / 
equipment  and  increased  mission  readiness 


MIARS 

The  MairiVinance  Information  AuCv^r»atc'' 
Rctrieva]    System,   hereaftQr  referred  :o 
MIARS  is  designed   to  provide  a  jjecioc^ 
display   of  mairitenance .  manuals   whi. vi 
contained  op  16irnm  microfilm  cartridges. 

To  you,  the  technician  who  maintains  (jSh 
and  on  whom  Its  safety  depends,  the  delay 
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between  the  time,  a  technical  manual  changeis 
issued  andl  the  time  that  change  is  translated  into 
a.  repair  is  DANGER  TIME  in  which  naval 
personnel-  and  equipment  are  exposed  to 
possible  injury  or  destruction.  Any  method  that 
shortens  or  eliminates  this  J)ANGER  TIME  is  a 
way  to  increase  the  safety  potential. 

MIARS  is  a  program  implemented  by  the 
Naval  Air  Systems  Command  which  provides  the- 
aviation  maintenance  man  with  required 
technical  information  ^in  a  more  efficient  way 
than  beforok  This  new  system  means  fast  access 
to  up-to-date,  accurate,  technical  information, 
and  you  ho  longer  have  to  lug  around  heavy 
paper  manuals  to  your  wbrking  area.  All  you 
handle'  is  a''4-inch  square  cartridge  in  \yhich  the 
roll  of  microfilm  is  encased.  The  reader-printev 
(figure  5^5),  on  which  the  micrpfilm  page  can  be 
displayed  is  near  your  work  site,  with  its 
automatic  retrieval  system  ready  to  use  and  its 
printer  capable  of  reproducing. only  those  pages 
required  at  the  work  site. 

y 

MIARS  replaces  bulky  manuals  with  one 
cartridge  weighing -approximately  7-ounces.  It 
contains  approximately  2700  pages  of 
information  which  would  weigh  24  pounds  in 
paper  form.  1  he  much  smaller  size  of  microfilm 
makes  shiprnent  faster  and  storage  easier,  saving 
approximately  40%  of  the  storage  space  taken 
up  by  paper  manuals.  Because  MIARS  provides 
for  quick  processing  of  manual  changes-  an3 
complete  revised  cartridges  are  issued  rather 
than  individual  page  changes,  the  tedious  and 
inefficient  job  of  inserting  changes  and  pages 
into  manuals  is  eliminated. 

In  addition  to  cartridges  of  microfilm, 
MIARS  features  two  basic  types  of  hardware 
equipment:  .AR-150A  reader-printer  (fig.  5-5) 
and  the  smaller  AR-151A  (fig.  5-6)  portable 
readers.  Tlie  reader-printers  have  a  keyboard 
system  for  finding  microfilm  pages  and  a  printer 
which  can  make  up  to  seven  copies  of  a 
microfilm  frame.  The  portable  readers  are  basic 
projectors  that  magnify  and  display  microfilm 
information. 

MICROFILM  INDEX. -The  Naval 
Aeronautics    Microfilm    Index,  NAVAIR 
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Figure  5-5.-AR-150A  Reader-printer. 


00-500M,  cross-references  the  manual  number  to 
cartridge  filming  date.  The  newest  version  of 
NAVAIR  0  0-500M  is  an  index 
cfossed-referenced  by  manual  number,  cartridge 
number,  and  equipment  application.  Manuals 
normally  used  together  (i.e.,  MIM  and  IPB)  will 
-be  in  the  same  cartridge  by  level  of  maintenance 
and  the  digit  of  the  Work  Unit  code.  Refer  to 
table  5-4  for  example  of  using  the  NAVAIR 
00-500M.  Cattridges  numbers  starting  with  SE 
and  numbers  1  jhru  9  identify  publications  that 
are  applicable  to  support  equipment  Work  Unit 
Codes.  Tlie  lever  of  maintenance  and  reference 
library  is  identified  by  the  numbers  to  the  right 
of  the  decimal  point,  such  as  1-299 
Organizational,  300-599  Intermediate,  600-899 
Depot. 
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Figure  5-6.-AR-151A  Portable  Reader. 


DRAWINGS 

At  the  beginning  of  World  War  II,  the 
systems  installed  in  aviation  ground  support 
equipment  were  not  very  complex.  With  a  little 
study  and  some  experience,  the  maintenance 
technician  could  become  quite  familiar  with  all 
the  equipment  used  to  support  his  unit.  The 
equipments  Were  not  only  comparatively  simple, 
but  similar  in  operation,  and  constructed  in^a 
manner  which  allowed  ease  of  inspection  and 
repair.  It  was  possible  to  service,  maintain,  and 
repair  this  equipment  with  perhaps  only  an 
occasional  reference  to  a  manual  or  a  schematic. 

Presently,  however,  this  practice  is  no  longer 
possible.  Even  a  mere  listing  of  the  systems 


installed  in  some  of  the  rridre  modem  ground 
support  equipment,  such  as.  a  mobile  elefctric- 
power  plant,  would  be  quite  lengthy.  It  is 
impossible  for  any  one  person  to  be  thoroughly' 
familiar  witii  all  of  the  various \  types  of 
equipment  in  present  use;  but  with  a  good 
general  background  of  mechanical/electrical 
principles,  a  little  study  will  enable  the  .ASM  to 
rapidly  familiarize,  himself  with  any  specific 
equipment. 

Tlie  purpose  of  this  chapter  is  to  discuss 
some  of  the  sources  of  information,  available, 
how  to  use  these  references,  and  how  to  locate 
details  on  Ttems  of  information  the  ASM  needs 
in  the  performance  of  his  duties. 

DRAWINGS  AND 
DIAGRAMS 

Nearly  alLtechnical  manuals  make  extensive 
use  of  drawings  and  diagrams.  The  technician 
uses  these* figures  in  nearly  every  phase  of  his.. 
work— the  location  and  identification  of  units 
and  components,  troubleshooting,  signal  and/or 
circuit  tracing,  installation,  calibration  and 
adjustment,  testing,  operation,  and  evaluation. 
He  also  uses  these  figures  in  the  study  of 
'  operating  principles  of  circuits  and  equipments. 
No  one  particular  type  of  illustration  is 
suitable  for  All  applications;  therefore,  many 
different  types  3re  required.  Several  of  the 
different  types  are  discussed  in  the  following 
paragraphs.  Each  type  has  its  own  advantages 
aiid  disadvantages. 

Illustrations 

Illustrations  are  commonly  used  to  present 
visually  the  idea  of  a  text.  To  this  end, 
illustrations  are  used  in  many  forms.  A  few  of 
these  are  the  photograph,  line  drawing,  shaded 
sketch,  cutaway  view,  blueprint,  etc.  Some  of 
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ORGANIZATIONAL 
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ii      the  more  common  illustrations  are 
briefly, ifi -this  chapter. 


miarstXVd  drawings 


PICTORIAL. -Pictorial  iliustrat\ons 
<'  normally  irimcate  physical  appearance.  TJ^ 
may  present \det^s  concerning  the  locatio'^k 
size,  construction^  physical  relationships  of  sizoo^ 
and  location,  orvparts  arrangement.  They  appear^ 
throughout  manuals  of  all  types,  and  are  useful 
\    for    locating    and    identifying^ 'system^, 
\  equipments,  components,  af^ parts.  They  are 
\-used  m  connection  \^th  installations,  inspection, 
.  ^^rvicing,   operation,   adjustment,  calibration, 
-  troubleshooting,  and  repair  functions. 

Pictorial  illustrations  may  be  accurately 
/  'detailed  represer.tations,  or  they  may  be  merely 
generalized   indications,   depending   on  their 
purpose.  They  may  be  photographs,  halftone  or 
■ — shaded  sketches,  or  line  drawings. 

CUTAWAY  VIEW.~A  cutaway  view  is  an 
'  illustration  used  to  show  some  detail  of 
construction  which  would  be  extremely  difficult 
or  impossible  to  show  by  conventional  pictorial 
views.  It  is  often  used  in  connection'  with 
discussions  *  of  physical  construction  and  the 
operation  of  mechanical  devices.  It  is  frequently 
used  in  assembly  diagrams  and  in  construction 
detail?. 

-  LOCATION  AND  DIMENSION.-Location 
diagrams  are  used  -  fo  show  physical  position 
relationships,  and  may  or  may  not  be 
sufficiently  detailed  ta  show  physical 
appearance.  They  are  primarily  useful  for 
familiarization,  and  are  commonly  used  in  the_ 
Illustrated  Parts  Breakdown  Manual  (IPB),  and 
in  the  Operation  and-Mah^tenance  Instructions 
for  equipments.  \ 

Dimension  diagrams  denote  physical  size  and 
distance.  They  are  useful  in  planning  the  layout 
of  bench  stations,  making  equipment 
installations^  or  packing  materials  for  reshipment.  . 
They  are  frequently  used  in  the  general  informa- 
tion sections  of  technical  manuals,  and  in  those 
sections  devoted  to  familiarization,  installation, 
and  shipment.  Tlicy  arc  also  frequently  found  in 
change-type  technical  directives. 

Location  and/oV  dimension  diagrams  may  be 
combined  with  other  type  illustrations,  thus 


providing\a44itional  details  .without  increasing 
the  number  ofjllustrations. 

\  * 

ASSENfBLX  'DIAGRAMS.~A?^seybly 
diagi-ams  provide  details  of  construction  'Which 
are  usefid  in  assembling  parts  into  a  unit.  'Hiey 
are  also  useful  in  explaining  the  operatioANof 
mechanical  or.electrdmechanical  devices. 

Block  Diagrams  ,  \ 


-\  Block  diagranis 'lare,  used  to  pfesfent  a 
generalized,  explapation  oP  overall  functtoiial 
ope^tion,  and  do  not  shp>y  physical  shape,  ske, 
or  location.  They  range  from  very,  simple  to  veiy 
comp|fei^,  depending  on  tl\e  type  equipment,  th 
quanti^and  quality  of  details  to  be  covered, 
*and  the  purpose  for  which\the  information  is 
included,  '^ey  are  found  in  neariy  all  manuals 
'dealing  v«lh  basic  or .  detailed  theory  of 
operation,  \  whether  of-'  rdatively^  simple 
subassemblies  ^pr  orf  very  large  and  complex 
systems.  The  more  complex  the.  equipment,  the 
more  probable  th^need  for  block  dia^ams.  " 

Many  block  di^^ams  are  used  in  connection 
with^electromechanScal  devices,  as  well  as  with 
electrical  or  mechanK^al  systems.  Proper  use  of 
this  type  diagram  helRs  increase  understanding 
of  functional  relationships  and  operation. 

\  ' 
SYMBOLS. -Since  black  diagrams  are  used 
"mrinly  to  provide  a  '^neral  analysis  of 
functional  operation,  symbols  are  generally  used 
to  represent  individual  circ^rts  or  functional 
components.  In  order  to  makeymaximum  use  of 
block  diagrams,  it  is  essential  \o  recognize  the 
symbols  and  to  understand  ther^  meanings  and 
limitations.  Figure  5-7  contains\some  of  the 
common  symbols  found  on  block  ^agrams. 

SIGNAL  FLOW.-One  special  -t^e  of  block 
diagram  is  .  called  the  signal  flow  diagram  or 
signal  flow  chart.  It  is  usually  used  in  cpnnection 
with  overall  operation  of  complicated  systems 
such  as  power  distribution  systems.  ItWludes 
all  features  normally  associated  witlty  block 
diagrams;  and  in  addition,  it  includes 
considerable  detail  regarding  signal  paths, ^signal 
waveshape,  timing  sequence  and  relation^jiips," 
magnitudes  of  potentials  or  signals,  frequencies, 
etc.  '      '  \ 
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IDENTIFiCATION  OF  METALS 


GEOMETRIC  SYMBOLS 


COPPER.  BRASS.  BRONZE  AND  THEIR 
COMPOSITIONS 


STeEL  AMD  WROUGHT  IRON 


ALUMtNUW.HACNeSIUM  ANO  THEIR 
ALLOTS 


IRON.  INCLUDING  CAST  IRON.  MALLEABLE 
IRON 


II 

© 


FLATNESS   AND  STRAIGHlNESS 

ANGULARITY 

PERPENDICULARITY 


O 


PARALLELISM 
CONC^NTftlClTt 
.  TRUE  POSITION 
.ROUNDNESS 
SYMMETRY 

(MMC)  MAXIMUM  MATERIAL  CONDITION 
tRfSi  REGARDLESS  Of  FEATURE  SIZE 
|~A-^  I    OATbM  IO£NTlftlNG  SYMBOL 


LINES  IN  DRAWING 


DESCRIPTION 
AND  APPLICATION 


INOICATES  Cftfir 
DIMENSION  OR 
OTHER  REfCRENCE 


VISIBIC 
LINCS 


DESCRIPTION 
AND  APPLICATION 


INDICATES  VISIBLE 
EOGES  or  AN  OBJECT 


Ol 


PHAMTDM- 
OR 
DATUM 
LINE 


INDICATES  ALTERNATE 
POSITION  Df  PJiRTS' 


NIOOCN 
LINES 


INDICATES 
CONCEALkD  EDGES'^ 


STITCH 


INDICATES  STITCHING 
OR 
SEEING 


CENTER' 
LINES 


INDICATES  STMMHRY 
A80UTANUIS  AND 
lOCATlOH  OF  CENTERS 


BREAK 

I  LONG 


{WOOD} 


REDUCES  SIZE  Cf.  ■ 
DRAWING 


D1H£NSK»(. 
LlNEi  . 


INDICATES  DISTANCE 
■  MEASURED 


BREAK 

(SHORT) 


INDICATES  A  SHORT 
BREAK 


EXTENSION 
LINES 


INOiCAIES  ElTENT 
OF  DIMENSION 


ELECTRONIC  SYMBOLS 


frOI.flTINC  MACHINES 


,  CIRCU'lT  BREAKERS 


^MO^         (cE^   1  I 


INDUCTIVE  COMPONENTS 


J  f  TRANSf ORMERS 


MOtOR  GENERATOR 


JLO N TACT  aSSCMBLIBS 
O— T 


CLOSED 
CONTACT 


■  OPENv 
COSTACT 


VOLTMETt  R 


GENERAL 
ISiNGlE  THROW) 


REMANENT  MAGNET 
RESISTORS 


ERAL 


Figure  B-V.-Symbols. 
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IViring  Diagrams  ^       '  / 

The  wiring  diagram  presents  detailed 
circuitry  informatioii  concerning  electrical  and 
electronic  systems.  A  master'  wiring  diagram  is  a 
♦single  diagram  that  shows  all  the  wiring  in  a 
complete  system.  In  most'  cases,  this  diagram 
would  prove,  to  be  too  large  to  be  usuablc;  it  is 
norriially  broken  down  into  logical  functional 
sections,,  each  of  which  .  may  be  further 
subdivided  into  circuit  diagrams.  By  breaking  a 
system  iiflo  individual  circdt  diagrams,  each 
individual  circuit  may  be  preserUed  in  greater 
detail.  The  increased  detail  provides  for  easier 
circuit  tracing,  testing,  and  maintenance.  V 
Wiripg  diagranls  fall  into  two  basic 
^  classes-chassis  wiring  and  interconnecting 
diagrams-each  with  specific  purposes  and  many 
variations  in  appearance  (depending  on 
application).  Wiring  diagrams  are  noi  generally 
used  for  discussion  of  theory  of  operation  of  ■ 
specific  circuits. 

WIRE  A  N  D  \  C  A  B  L  E 
.SPECIFICATIONS.-An  .  important  part  •  of 
electrical  maintenance  is  to  be  able  to  determine 
the  correct  wire  'or  cable  for  a  particular  ^ 
maintenance  task.  To  do  this,  the  maintenance 
manual  should  first  be  consulted"  since  'it 
normally  lists  the  wire  used  in  a  given  piece  of 
equipment. 

CABLE  CONSTRUCTION. -Cable' 
construction  -diagrams  present  details  concerning  ^ 
the  fabricatibrt  and  construction  of  cuMes.  Tliese 
details  usually  ,  incliide  designation  of  the  type 
connectors  or  iermJnals,  the  identification  of 
wires  for  each  terminal,  method  o/  connecting 
v/ire  to  terminal,-po^ting  reqlih-envcnts,  length  of 
wires,  lacing  or  sleeving  specifications,  and  any 
'other  specificaJions  or  special  considerations 

involved. 

>  ■ 

^  -  CABm  ROUTING.-Diagrams  of  major 
syst-ems  generally  include  an  isometric  shadow 
outline  of  the  entire  unit,  showing  the  ■ 
approximate  location  of  equipment  components 
and  the  physical  routing  of  interconnecting 
cables.  A  cable,  regardless  of  the  number  of 
conductors,  is  represented  '  on  an  isometric 
wiring  diagram  as  a  single-  line:  no  attempt  is 


made  'to    show\  individual  .  connections  at 
^equipment  or  in  connection  boxes.  An  isometric 
>pe  drawing  thus  s^ows  at^a  glance  a  picture  of 
je  layout  of  the  entire  system.  * 

\WIRE.  AND  CABLE  IDENTIFICATION 
COblNG.-To  facilitate  maintenance, 'all  wiring^ 
is  idijntified  on  the  wiring  diagrams  exactly  as 
marked  in  the  unit.  Identification  of  r^ch  wire  is 
Coded  by  a  combination  of  letters  and  numbers 
imprinted  oh  the '  wire  at  {jrescribed  intervals 
along  its  entire  run.  Figure  5-8  and  the 
.accompanying  discussion  explam  the  code  used 
.Jn  wiring,  installation.  Complete  details  are  to  be 
found  in  the  latest  revision  of  MIL-W-5088C. 

The  unit  number  (shown  in^dashed  outline) 
is  used  only  in  those  cases  haying  more  than  one 
given  unit  installed  in  an  identical  manner  in  the 
same  equipment.  The  wiring  concerned  with  the 
first  such,  unit  hears  the  prefix  1.,  and 
corresponding  wires  for  the  second  unit  have  - 
exactly  the  same  'designation  except  for  the 
prefix  2,  etc. 

The  circuit  function  letter  identifies  the 
.  basic  function  of  the  unit.  The  ASM  will  be 
primarily  concerned  with  function  letters  "X'' 
and  "P  ';  "X"  denotes  ^ac  power;  and  "P" 
denotes  dc  power.  ^ 

Each  wire  within  a  given  circuit  function 
group  is  assigned  a  separate  wire  number.  Wires 
that  are  segmented  by  the  use  of  splices,  plug 
and  rereptacle  connectors")  terminal  strip  tie 
points,  etc.,  are  given  a  letter  segrqent 
designation.  Passage-  through  a  switch,  relay, 
circuit  breaker,  eftc,  requires  assignment  of  a 
new  number.  A  suffix  is  added  to  designate  tlie 
phase  (or  ground)  in  3-phase  ac  power  wiring. 

ALITOMOTIvrwiRH  IDENTIFICATION.  - 
Most  automotive  vehicle  v/iring  i^' made  up  into' 

.  a  harness  with  all  Jeads  coming  oiit  at  the  proper 
places  and  with  the  correct  lengffiis  to  connert  to 
the  accessories.  Tliis  simplifies  the  vAtwa*  of  the 
automotive  vehicle-  and  servers/  to  protect  the 

.  wiring.  To  permit  easy  identification  of  the 
various  leads,  a  color  code  in  the  insulation  is 
widdy  used.  Tlie  ASM  should  constilt  the 
applicable  manual  or  handbook  for  the  proper 
selection  of  wiring  harness  and  the  proper  color 
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-SUFFIX 

-  GROUND,  PHASli,/ 

-  WIRE  SIZE'ijyMBER  ; 
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-CIRCUIT  FUNCTION 
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Figure  5*8.— Examples  of  wire  identification  coding., 


code  for  the  vehicle  which  he  is  maintaining.  A 
typical  automotiv^color  code  is  listed  as  follows: 

1.  R6D  LEi^D-used  to  identify  wires  that . 
are  connected  to  jthe  battery  and  are  not  fused, 
->  and  wiring  between  the  generator  and  regulator, 
or    between  -  ihe    ammeter    and  circuit 
breaker/fuse.  | 

.2-  RED  LEAD  WITH  YELLOW 
TRACER-used  fbr  the  primary  ignition  lead. 


WITH  BLACK 
the   ammeter  anJ 


3.  RED  LEAP 
TRACER-used  ibetween 
battery.       ^ ' 

4^  YELtOW|LEAD-used  in  horn  and  light 
circuits  and  is  fus^d. 

5.  .B^OWN  LEAD  WITH  BLACK 
TRACER— used  'for  alf  ground  connections 
except  battery  ground. 

6.  BLACK  LEAD-used  to  connect  ''tail 
light  to  light  switch. 

7.. BLACK  LEAD  WITH  RED 
TRACER-used  in  the  headlight  circuit  for  high 
or  bright  beam. 

8.  GREEN  LEAD-used  in  ,the  headlight 
circuit  for  low  or  dim  beam. 


Schematics 

The  major  purpose  of  the  schematic  diagram 
is  to  establish  the  operation,  of  a  particular 
system.  It  is  not  drawn  to  scale,  and  it  shows 
none  of  the  actual  construction  details  of  the 
system  (such  as  a  physical  location  within  the 
/equipment,  physical  layout  of  components,  wire 
routing,  or  any  other  physical  detail)  not 
essential  to  understanding  the  operation. 

Schematic  drawings  .  differ  from  block 
diagrams  in  that  they  present  more  detail. 
Whereas  the  block  diagram  deals  with  functional 
units  of  the  system,  the  schematic  diagram 
indicates  each  individual  part  which  contributes 
to  the*  functional  operation. 

It  . 

SIMPLIFIED  SCHEMATICS.-In  large  or 
complex  equipnfients,  a  complete  schematic 
drawing  may  be  too  large  for  practical  use.  For 
this  reason,  most  technical  manuals  present 
partial  or  simplified  schematics  for  individual 
units.. 

Simplified  schematics  normally  onjit  parts 
and  connections  which  are  not  essential  to 
understanding  unit  operation.  In  studying  or 
troubleshooting  equipment,  the  ASM  frequently 
must  make  his  own  simplified  drawings.  In  these 
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cases  he  should  include  only  thpse  items  that 
contribute  to  the  purpose  of  th'^  drawing,  but  he 
should  take  care  to  include  all  sucji*  items.  In 
using  the  schematic  ^drawings'  thro*-ghoLit  this 
course  (and  those  in  technical  manuals^  .  ' 
textbooks,  and  other  publications),  many 
/techniques  for  simplifying  schismatics  will 
become  apparent.  Special  rtteiition  should  be 
paid  to  those  techniques  found  useful  by  the 
individual  maintenance  raan-  Jiey  can  be 
extremely  important  tools  in  his  \yprk. 

ELECTROMECHANICAL 
DRAWINGS.— Electromechanical  devices  are 
common  in  automotive  systems.  For  a  complete 
understanding  of  these  units,  neither  an  / 
electrical  drawirfg  nor  .  a  mechau^cal  drawing 
woul'l  be  adequate-and  confusion  could  result 

'^from  the  use  of  two  drawings.  Therefore  a 
combination  type  ^drawing,  using  some  aspects 
of  each  coniiponent.  type,  is  used.  Tliese  drawings  : 
are '  usually   simplified  both  .  electrically  and 

.mechamcally,  and  only  those  items^ essential  to 
the  operation  arc  indicated  on  the  drawing. 

CHARTS  AND  TABLES 

Charts  apd  tables  of  many  types  are  used 
throughout  all  types  of  technical  publications  to 
present  filctual  data  in  a  clear  and  concise  form; 
As  the  terms  are  used  in  this  discussion,-  a.chart  ^ 
is  used  to  present ijiformationYin  lists,  pictures, 
tables,  or  diagrams;' a  table  is  one  type  of  chart, 
and  is  used  to  present  or  list  information' iri  a., 
vety  condensed  focni..*  ^    '  ' 

Tables  prove  valuable  jn  instances  when  the 
same  genial  type  \qf  information  -is  to'  be  .' 
presented  with  respect  to  ;nimerous  itc  .s.  The 
corresponcling  details  for  the  items  may  be -listed  . 
in^cx^fumns,  arranged  so  tlTat  readmg'acfoss  will 
^present  details  regardh^g  a  specific  item,  while 
reading  down  will  present  a  cohlparison  of  items 
with  respect  to  a  certain  detail.  One  very 
common:  and  useful  table  of  this  type  is 
represented  by  table  5-1- 1 shown  earlier  in- this 
chapter.  ' 

'  '  -  -— '  ■ 

Phirnbing     "    '  \ 

r  Rigid*-and  Hexilile  tubing  are  the  two  jwost '  • 
.common    types-  used    in.   gjorVnd  support 


equipment.  These  tubes  are  manufactured  in 
many  different  sizes;  sizing  is  usually  determined 
by  outside  diameter-and  ranges  from  1/8  inch  to 
2  inches.  The  amount  of  pressure  that  a  tube  can 
safely  withstand  is  determined  by  the  type  of 
material  and*  the  -wall  thickness.  Use  caution 
wh^n  replacing  or  repairing  tubing  to  ensure  that 
the  proper  type  is  used.  Detailed  information  on 
tubing ^nd^tubing.,^ repairs  may  be  .found  in 
Aircraft  Structural  Hardware,  NA  01-1  A-8. 

RIGID  TUBING. -Rigid  metal  tubes  are 
widely  used  for  fuel,  oil, '  coolant,  oxygen, 
instrument,  hydraulic,  and  vc.nt  lines.  Tubing  of 
copper,  corrosion-resistant  steel  (stainless,  ste  !  : 
•and  aluminurh  alloy  is  used.  The  basic  tuoe 
material  may  be"  identified  b>  either  visual 
inspection  or,  as  inHhe  cast  of  ah  minuni  alloys, 
the  actual. alloy  designation  nirv  be  stamped  on 
the  surface  of  the  tubing. 

RIGID  LINE  IDENTIi-lCATlON.-Each 
rigid  line  is  identified  by  bands  of  paintor  strips 
of  tape  around  the  line  near  each  fitting.  These 
identifying  media  are  applied  at  points  where 
they  may  be  easily  seen.  Various  other 
information  is  also  aj^plied  to  the  lines. 

Iden^'ication  tapes  are  applied  , to  all  lines 
less  tlian  4  inches  in  diameter  except  cold  lines, 
hot^Jlnes,  lines  in  oily  environment,  and  lines  in 
^  engine  compartments  where  there  is  a  possibility 
of  the  tape  being  drawn  into  the  engine  intake. 
In  tliese  cases,  and  all  others  where  tapes  should 
not  be  used,  painted  identification  is  applied  to 
the  lines?.  -  ,  .  . 

Jdentvfication  '  tape  codes  indicate  the 
TunctioY^  -contents,  hazards,  direction  of  fiow, 
nnd  pres  ure  in  the  fiuid  line.  These  tapes  are 
applied  .1^^  accordance  with  MI L-STD-1  247.  this 
standard  \yas  issued  in  pi;der  to  standardize  rigid 
^ine  identification  througliolit  the  Departmewl 
of  DeYense'./-^-  

ThcXimction  of  a  line  is  identified  by  tisc  of 
a  tape,  approximately  !  inclr  wide,  upon  which 
word{s).  colorfs),  and '  geometric  symlK)ls  arc 
printed.  -"Jtunctional  identification  nuirking.s.  as 
provided* m  MI L-STD.  1  247,  are  the  subje,c^of  ;in 
international  standardization  agrcenv.  .:t. 
Three-fourths  of  the  total  width  on  the  left  side 
of  the  tape*  has  a  code  color  or  colors  which 
indicat  ?  one  function  .onPy  per  color  or  colors. 
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The  function  of  the  Hne  is  printed  in  English 
across  the  colored  portion  of  the  tape;  therefore, 
even  a  n  on -English-speaking  person  can 
troubleshoot  or'maintain  the  system  if  he  knows 
the  code  but  cannot  read  English.  The 
right-hand  one-fourth  of  the  functional 
identification  tapje  contains  a  geometric  symbol 
which  is  different:  for  every  function.  This  is  to 
ensure  that  ail  |:echnicians,  whether  English 
speaking  or  not,  who  rnay  be  colorblind  may 
still  be  able  to  positively  identity  the  line  / 
function  by  means  of  the  geoinctr'c  design 
rathe»*  than  by  the  color(s)  of  word(s).  Figure 


5-9  is  a  listing,  in  tabular  form,  of  functions  and 
their  associated  identification  media  as  used  on 
the  tapes.  ^ 

The  identificationK)f-hazards  tape  shows  the 
hazard  associated  with  the  contents  of  ii  e  line. 
Tapes  'used  to  show  hazards  are  approximately 
one-half  inch  wide,  with  the  abbreviation  of  the 
hazard  contained  in  the  line  printed  across  the 
tape.  There  are  four  general  classes  of  hazards 
found  in  connection  with  fiuid  lines.  These 
hazards  are  outlined  in  the  following  paragraphs. 
^  Flammable  Material  (FLAM).  The  hazard 
i^iarking    **FLAM"   is   used   to   identify  all 


FUliCTlON 

■  COLOr 

SyWBOL 

Fuel  . 

> 

Red- 

▼ 

Rocket  Oxidizer 

Green  ,_  Gray 

Rocket  Fuel 

Redy  Gtay 

'  Water  Injection 

Red,  Gray,  Red 

Lubrication  > 

liYellow 

■ 

Hydraulic 

Blue,  Yellow 

Solvent 

"    *  Blue,  Brown 

Pneumatic 

.  '■>  Orange,  Blue 

Instrument  -Air 

■    Orange,  Gray 

s 

_JlDa4^ivt- —  

Blue 

B^rea tiding  Oxygen  ^/ 

.  Green 

Air  Conditioning 

Brown,  Gray 

••••••• 

Monop rope 1 Ian t 

■  Yellow,  Orange 

T 

Fire  Pr^rection  , 

Brown 

De-icing 

"^Gray 

Rocket  Catalyst 

Yellow,  Green 

ill 

Compressed  Gas 

Oranj^e 

Electrical"  Conduit 

Brown,  Orange  , 

'  •.  Inerting  • 

Orange,  Cree^n 

"  ...  196.66 

Figure  5-9.— Functional  identification  tape  data.  .        .     •  •  ., 
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Table  5-5.— Hazards  associated  with  various  fluids 


^\  Contents 

"Hazard 

Air  (ujide'r  pressure) 

*  "DUt^  ATM 

 Alrohnl 

;=  FLAM 

Carbon  dioxide 

PHD  AN 

Freon 

PHDAN 

Gaseous  oxygen 

PHDAN 

Liquid  nitrogen 

PHDAN 

Liquid  oxygen 

PHDAN 

LPG,(li^uid  petroleum  gas) 

FLAM 

Nitrogen  gas       \"  ' 

-PHDAN 

Oils  and  greases  ^ 

FLAM, 

JP-4 

FLAM 

Triehiorethylene  ^ 

AAHM 

materials  known  ordinarily  as  flammables  or 
combustibles. 

Toxic  and  Poisonous  Materials  (TOXIC).  A 
line  identified  by  the  word  "TOXIC"  contains 
materials  which  are  extremely  hazardous  to  life 
or  health. 

~  Anesthetics  and  Hannful  MaLerials  (AAIIM).- 
All  materials  productive, of  anesthetic  vapors  and 
all  liquid  chemicals  and  compounds  hazardous 
to  life  and  property,  but  not  normally 
productive  of  dangerous  quantities  of  fumes  or 
vapors,  are  in  this  category. 

Physically  dangerous  Materials  (PHDAN).  A 

,  line  which  carries  material  which  is  not  danger- 
ous within  itself,  but  which  is  asphyxiating  in 
confmed  areas  or  which  is  generally  handled  in  a 
dangerous  physical  state  of  pressure  or 
temperature,  is '  identified  by  the  marking 
"PHDAN". 

Table  5-5  lists  some  of  the  fluids  with  which 
the  ASM  may  be  required  to  work  and  the 
hazards  associated  with  each. 

FLEXIBLE  HOSE.-^Flexible  hose 
assemblies,  such  as  rubber  and  Teflon,  consist  of 
lengths  of  hose  that  are  coupled  with  threaded 
end  fittings.  They  may  be  divided  into  two 
major  groups-high  pressure  and  low  pressure, 
according  to  their  application. 

The  specifications  of  a  flexible  hose  may  be 
obtained  by  interpretjing  the  identification  code 
that  is  . printed  on  the  hose.  This  identification. 


which  is  a  series  of  dots  and  dashes,  gives  the 
«  hose  size,  temperature  range,  and  date  of 
manufacture  in  quarter  of  year  and  year.  Refer 
to  NA  01-1 A-8  for  a  detailed  discussion  of 
flexible  hose  identification.  , 

-  Ttie  size  of  Teflon  hose  is  determined  in  the 
same  way  the  size  of  rubber  hose  is  determined. 

Teflon  hose,  like  rubber  hose,  has  definite 
limits  and  particular  characteristics  that  demand 
understanding  and  attention  in  the  general 
handling  (luring  installation  and  removal. 
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RECIPROCATING  COMBUSTION  ENGINES 


tAs  an  Aviation  Support  Equipment 
Technician  M  (Mechanical),  you  should  know 
the  important  parts  of  an  internal  combustion 
engine  and  how  they  operate.  An  engine  is  a 
machine  that  converts  heat  energy  to  mechanical 
energy.  The  heat  energy  is-derived  from  fuel, 
and  the  mechanical  energy  is  used  to  do  work. 
Figure  6-1  shows,  in  simplified  form,  an  external 
and'  an  internal  combustion  engine.  An  mtemal 
combustion  engine  is  a  machine  that,  by  burning 
fuel  inside  the  machine,  produces  mechanical 
energy  that  does  the  work;  for  example,  an 
automobile  engine.  An  example  of  an  external 
combustion  engine  is  a  steam  engine,  because 
the  heat  energy  (steam)  is  produced  away  from 
the  engine. 

All  internal  combustion^  engines,  no  matter 
what  they  use  for  fiiel,  are  b^ically  the  same. 
They  all  rely  on  air,  fue^**  nd  ignition  to 
operate.  All  three  are  essential,  and  the  engine 
will  not  operate  with  any  one  missing.  The  fuel 


has  the  potential  heat  energy;  the  air  has  the 
oxygen  necessary  for  burning  the  fuel;  and 
ignition  starts  the  combustipn  needed  to  develop 
the  mechanical  energy. 

Internal  combustion  engines  are  classified  by 
type  of  fuel  used,  type  of  cooling  employed, 
strokes  in  the  ^ycle,  and  valve  and  cylinder 
arrangement.  The  fuel  used  is  gasoline  ordiesel. 
To  withstand  th©^  higlier  temperatures  and 
^  pressures  generated,  the  diesel  engine  is  heavier 
and  built  stronger  than  the  gasoline  engine.  The 
method  of  getting  fuel  to  the  cylinders  is 
different  in  the  two  engines,  also  the  metliod  of 
igniting  the  fuel.  These  differences  are  explained 
later  in  this  training  manual. 

Internal    combustion,  engines    are  also 
"  classified ^s~air-  or  liquid-cooled.  The  cylinders 
of  a  liquid-cooled  ,  engine  are  surrounded  by 
jackets    through    which    the    cooling  fiuid 
\    circulates.  These  jackets  are  an  integral  part 
\  the  engine  block.  The  cylinders  of  an  air-cooled 


by  / 
lid  / 
of  ' 


BOILER 


i 


PISTON 


COMBUSTION  CHAMBER 


EX^'RNAL  COMBUSTION' ENGINE 


PISTON^ 

INTERNAL  COMBUSTtON  ENGINE 


81.41 


Figure  6-1.— Simple  external  and  internal  combustion  engine. 
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engine  are  made  individually  or  in  groups  of  two 
j^ahd  are  bolted  to  the  block.  They  have  closely 

spaced  fins  completely  around  the  barrel  of  the 

cylinder,  that  provide  an  increased  surface  area 
t  from  which  heat  can  dissipate.  Other  than  these 

differences,  engines  that  are  air  or  liquid-cooled 

are  essentially  the  same. 

The  cylinder  and  valve,  arrangement  can  be 
different  in  internal  combustion  engines. 
Cylinders  may  be  inline^with  all  cylinders  in  a 
straight  line  above  the  crankshaft;  V~with  tyvo 
rows  of  cylinders  in  a  V  shape  above  the 
crankcas^;  or  horizontally  opposed— with~  the 
cylinders  mounted  in  two  side  rows  opposite  a 
central  crankshaft.  The  valve  classification  is 
according  to  the  position  of  the  valves-^in  the 
block,  in  the  heady  or  one  in  the  head  and  ouq  in 
the  block.  Later  in  this  chapter  the  placement  of 
the  cylinders  and  valves  is  discussed. 

Four-stroke  cycle  and  two-stroke  cycle 
engines  are  explained  later  in  this  chapter. 

When  working  with  internal  combustion 
engines,  you,  as  an  ASM,  need  to  become 
familiar  with  a  few  engineering  terms.  WORK, 
the  product  of  an  engine,  is  the  movement  of  an 
object  against  an  .opposing  force.  When  an  object 
is  lifted  ff oln~IlTe~ground ,  "work  is  dolfe"oh~tHe~ 
object.  The  opposing  force  is  .gravity.  If  an 
object  weighing  1  pound  is  lifted  1  foot,  1 
foot-pound  of  work  is  done.  When  an  object  has 
ENERGY,  it  has  the  ability  to  do  work.  Fuel  has. 
potential  energy  that  can  be  released  to  do^ 
work.  One  mcthocf  of  releasing  the  fuel  energy  is 
by  use  of  an  engine.  Energy  is  stored  in  an 
object  when  work  is  performed  ^n  it;  for 
example,  the  enet^  stored  in  an  object  lifted 
from  the  ground  depends  on  the  heigh*t  to  which 
it-  is-  lifted.  A  1 -pound  weight  will  do  1 
foot-pound  of  work  on  striking  the  groun^d  if 
released  1  foot  from  the  ground. 

.  POWER  is  the  rate  at  which  work  is  done. 
More  power  is  needed  to  do  work  rapidly  than- 
to  clo  work  slowly.  An  engine  is  power  rated  on 
the  amount  of  work  it  can  do  per  minute. 
HORSEPOWER  is  the  measure  of  the  work 
capacity  of  an  engine.  One  horsepower  is  33,000 
fOl^t-pounds  of  work  per  minute.  [flOO  pounds 
were  lifted  330  fccKor  330  pounds  were  lifted 


100  feet  in  1  piinute,  1  horsepower  would  be 
required.  The  formula  for  obtaining  horsepower 

is     -  .    ■       '  ■  ' 

ft-lb  per  min       L  x  W 
hp  =     ;  or 

.33,000        33,000  x  t 

Ulr. length  in  feet,  througli  which  W 
,  is)moved 

W  =  force,  in  poui;ds,  that  is  exerted 
through  distance  L 

■   ■  ■  '  1 

t  =  time,  m  mmCites,  required  to  move. 
7   :      W  througli  L 

,  A  device  used  ^to  measure  the  horsepower  of  an- 
engine  is  the  dynamometer,  and  is  explained  in 
chapter  2. 

When  the  lid  of  a  jar  is  loosened  or 
tightened,  a  t^i^isting  force  or  TORQUE  is 
applied  to  it.  Torque  is  applied  to  a  wrench 
when  you  use  it  to  Iposen  or  tigliten  a  nut.. 
Torque  is  measured  by  pound-feet  as  explained 
in  chapter  2.  Torque  i&_not  work  or  power, 
because  it  does  not  have  motion.  Instead,  it  is 
the  turning  effort  the  engine  applies  to  the 
wheels  through  the  gears  and  shafts.  FRICTION 
is  the>  resistance  to  motion  between  two  objects 
that  -are  in ,  contact  with  each  other.  After 
washing  and  drying  youriiands,  it  takes  effort  to 
rub  your  fifst  finger  and  thumb  together.  If  a 
little  oil  or  water  is  placed  J5etween  them,  much 
less  effort  is  requTfed  to  rub  them  together.  The 
oil  or  water  acts  as  a  lubricant  to  help  eliminate 
friction.  Friction  is  used  in  the  brakes  and 
clutches  of  automotive  equipment.  Friction  in 
the  remainder  o.f  the  engine  is  undesirable, 
because  it  decreases  the  power  output  by  using 
some  of  the  energy  of  the  engine  to  overcome  it. 

INERTIA  causes  a  material  object  to  resist 
any  change  of  speed  or  direction  of  travel.  A 
motionless  object. tends  to  remain  at  rest,  and  a 
moving  object  tends  to  keep  movingat  the  same 
speed  and  in  the  same  direction.  Force  is  needed 
to  start  an  object  moving  or  make  it  move  faster, 
slow  down,  stop,  or  change  direction  when 
moving  in  a  straight  line.  The  engine  of  an 
automobile  makes  it  start  to  move  and  move' 
faster.  The  breaks  slow  ihe  forward  motion  and 
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stop  the  automobile.  The  steering  mechianism 
turns  the  automobile.  All  of  these  overcome 
inertia. 

The  EFFICIENCY  of  an  engine  is  the 
relationship  between  power  developed  in  the 
..  cylinders  and  the  power  delivered.  The  power 
developed  is  called  indicated  horsepower  and 
can  be  determined  by  a  formula  using  ^he 
pressure  on  the. piston,  area  of  the  piston  head, 
length  of  the  power  stroke,  strokes  per  minute, 
number  of  cylinders,  and  33,000  foot-pounds 
per  minute.  The  power  delivered  is  called  brake 
horsepower  and  can  be  measured  by  a  . 
dynamometer,  The  difference  is  the  horsepower 
used  by  the  engine  in  overcoming  the  friction  of 
moving  parts,  drawing  in  fuel,  expelling  exhaust, 
driving  oil  and  fuel  pumps,  and  other  essential 
.accessories.  The  mechanical  efficiency  of  an  ^ 
engine  is  the  brake  horsepower  divided  by  the 
indicated  horsepower  and  is  written  as  a 
percentage. 

The  size  of  an  engine-- cylinder  is  usually 
indicated  in  terms  of  bore  and  sfroke.  (See  fig. 
6-2.)   BORE  is  the  linside  diameter  of  the 


BOTTOM  CENTER -^^^-i'V-^'^ 


227.27 

Figure  6-2.-~Bore  and  stroke  of  an  engine  cylinder. 


cylinder,  and  STROKE  is  the  distance  the  piston 
travels  in  the  cylindej\  A'3  x  4  cylinder  indicates 
that  the  cylinder  diameter  (bore)  is  3  inches  and 
tjhe  stroke  is  4  inches.  These  measurements  can 
b'e  used  to  determine  PISTON  DISPLACEMEriT 
which  is  Ihe-v^ume  that  the  piston  displaces  as 
it  moves  from  one  end  of  the  stroke  to  the 
other.  The  formula  is  r 

V=  ttR^xS  i 

V=  piston  displacerrient  (volume) 

R  =  radius  (orie-halfitriG'^Ta meter) 
of  the  cylinder  (  \ 

*       '    .  \\ 

-)      •  ■ 
TT  R*-  =  area  of  a  circle 

>  '  .  - 

S  =  length  of  the  stroke 

For  the.  above  cylinder,  using  3.14  as  .Tr  .^the 
piston  displacement  would  be  28.26  cubic 
inches.  '  / 

The  COMPRESSION  RATIO  of  an  engine  is 
a  measurement  of  how  much  ^he  ur-fuel 
mix^ture  is  compressed  on  the  compression 
stroke  of  the  piston  in  the  '^yii!idcr.  This  is 
determined  by  dividing  the  volume  of  the 
cylinder  with  the  piston  at  the  bottom  of  the 
stroke  by  the  volume  of  "  cylinder  with  the 
piston  at  the  top  of  the's  kc.  For  example,  if 
the  volume  of  an  engine  cylinder  is  60  cubic 
inches  with  the  piston  'at  the  bottom  ol  the 
stroke  and  10  cubic  inches  with  the  piston-at  the 
top  of  the  stroke,  then  the  co.iipression  ration  is 
6:1.  The  part  of  the  cylinder  above  the  piston 
when*  it  is  at  the  top  of  the  stroke  is  called  the 
COMBUSTION  CHAMBER. 


BASIC  ENGINE  STROKES 

Each  movement  of  the  piston  from  top  to 
bottom  or  from  bottom  totop  is  called  a  stroke. 
The  piston  takes  two  strokes  (an  upstroke  and  a 
downstrokc)  as ,  the  crankshaft  makes  one 
complete  revolution.  ^hcMi  the  piston  is  at  the 
top  of  a  stroke,  it  is  said  to  be  ut  top  dead  center 
(TDC).  When  the  piston  is  at  the  bottom  of  a 
stroke,  it  is  said,  to  be  at  bottom  dead  center 
(BDC).  These  positions  are  called  rock  positions 
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and  Will  be  discussed  further  in  this  chapter 
under  *Timing."  See  figure  6-3  and  figure  $4. 

The  basic  engine  you  have  studied  so  far  has 
had  ho  provisions  for  getting  the  fuel-air  mixture 
.  into  the  cyhnder  or  burned  gases  out  of  the 
cylinder.  There  are  two  openings  in  the  enclosed 
end  of  a  cylinder.  One  of  the  openings,  or  ports, 
permits  the  mixture.of  air  and  fuel  to  enter  and 
the  other  port  permits  the  burned  gases  to 
escape  from  the  cylinder.  The  two  ports  have 
valves  assembled  in  them. .These  valves,  actuated 
by  the  camshaft,  close  off  either  one  or  the 
other  of  the  ports,  or  both  of  them,  during 
various  stages  of  engine  operation.  One  of  the 
valves,  called  the  intake  valve,  opens  to  admit  2^ 
mixture  of  fuel  and  air  into  the  cylinder..  The 


,  other  valve,  called  the  exhaust  valve,  opens  to 
.allow  the  escape  of  burned  gases  after  the 
fuel-and-air  mixture  has  burned.  Later  on  you 
will  learn  more  about  how  these  valves  and  their 
mechanisms  operate. 

^  The  following  paragraphs  give  a  simplified 
explanation  of  the  action  that  takes  place  within 
the  engine  cylinder  This  action  may  be  divided 
into  foun  parts;  the  int^e  stroke,  the 
compression  stroke,  the  power^s.troke,  ^and  the 
exhaust  stroke.  Since  these  strokes  are  easy  to 
identify  in  the  operation  of  a  four-cycle  enginQ, 
that  engine  is  used  in  the  description.,  This  type 
of  engine  is  also  cajled  a  four-stroke-Otto-cycle 
engine,  because  it 'was  Dr.  N.A.  Otto  whq,  in 
1 876,  first  applied  the  principle  of  this  engi  le. 


CRANKSHAFT 


PISTON 


CONNECTING  ROD 


'  Figure  6-3.-Relationship  or  piston,  connecting  rod,  and  crank  on  crankshaft  as  crankshaft  turns  one  revolution. 
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Chapter  6--RECIPR0CATING  COMBUSTION  ENGINES 


INTAKE  STROKE 

The  fi:<f  istroke  in  the  sequence  is  calleH^the 
intake  svroVt  (fig.^  6-4).  Puring  this  stroke,  the 
piston  is  mr^  iiV]  downward  and  the  intake^^  valve 
is  open.  Thi?  tlownward  movement  of  the  piston 
produc^^;  a  pl\rt^^l  vacuum  in  the  cylinder,  and 
air  anJ  lueJ  nish  into  the  cylinder  pa^st  the  open 
intake  valve.  This  is  somewhat  the  same  effect  as 
when  you  /irink  thi-ough  a  straw.  A  partial 
vacuuni  is  produced  in  the  mouth  and  the  liquid- 
moves  up  throut(h  the  straw  to  fill  the  vacuum. 

COMPRESSION  S^fROKE 

When  the  piston  reacheis  bcltom  dead  center 
ft  the  end  of. the  intake  stroke  and  is  therefore 
av  the  bottom  of  the  cylinder,  the  intake  valve 
cloijes.  This  seals  the  upper  end  of  the  cylindesr. 
As  the  crankshaft  continues  to  rotate,  it  pushes 
Ufv,  through  the  connecting  rod,  on  the  piston. 
The  piston  is  therefore  pushed  upward  and 
cdmpresses  the  combustible  mixture  in  the 
cylinder;*  this  is  called  the  compression,  stroke 
(fig.  6-4).  In  gasoline  engines,  the  mixture  is 
compressed  to  about  one-^'ighth  of  its  original 
volume.  (In  a  diesel  engine  the  mixture  may  be 
compressed  to  as  little  as  one-sixteenth  of  its 
original  volume.)  This  compression  of  the  air-fuel 
mixture  increases  the  pressure  within  the 
cylinder.  Compressing  the  mixture  in  this  way 
makes  it  moje  combustiblernot  only  does  the 
pressure  in  the  cylinder  go  up;  but  the 
temperature  of  the  mixture  also  increases. 

POWER  STROKE 

As  the  piston  reaches  top  dead  center  at  the 
end  of  the  compression  stroke  and  tlterefore  has 
moved .  to  the  top  of  the  cylinder,  the 
compressed  fuel-air  mixture  is  ignited.  The 
ignition  system  causes  an  electric  spark  to  occur 
suddenly  in  the  cy Under,  and  the  spark  sets  fire 
to  the  fucl-air  mixture.  In  burning,  thejiixture 
gets  very  hot  and  tnes  to  expand  in  all 
direcftions.  The  pressure  rises  to  about  600  or 
700  pounds' per  square  inch.  Since  the  piston  is 
the  only  thing  that  can  move,  the  force 
produced  by  the  expanding  gases  forces  the 
piston  down.  This  force,  or  thrust,  is  carried 
through  the  connecting  rod  tcj  the  crankpin  on 


the  crankshaft.  The  crankshaft  is  given  a, 
poweriPul  twist.  This  is  called  the  power  stroke 
(fig:  6-4).  This  turning  efforf,  rapidly  repeated  in 
the  engine  and  carried  through  gears  and  shafts, 
Vwill  turn  the  wheels  of  a  vehicle  and  cause  itxto 
move  along  the  highway.  \ 

EXHAUST  STROKE 

-  After  the  fuel-air  mixture  hs  '  burned,  it 
mlist  be  cleared  from  the  cylinder  This  is  done 
by  opening  the  exhaust  valve  jusc  as  the  power 
stroke  is  finished  and  the.  piston  starts  back  up 
on  the  exhaust  stroke  (fig.  6-4).  The  piston 
forces  the  burned  gases  out  of  the  cylinder  past 
the  open  exhaust  valve.  The  four  strokes  (intake, 
compression,  power,  and  exhaust)  are 
continuously  repeated  as  the  engin<5'runs. 

ENGINE  CYCLES  V- 

To.  produce  sustained  power  an  engine  must 
accomplish  a  definite  series  of  opbrations  over  - 
and  ovei^  again.  All  you  have  to  do  is  follow  one 
series  of  even ts-iniake;  compression,  po\yer, 
and  exhaust-until  they  repeat  themselves.  This 
one  scries  of  events  is  called  a  cycle.  - 

Most  engines  of  today  are  four-cycle  engines. 
What  is  meant  is  four-stfoke-cycle,  but  our  habit 
of  abbreviating  has  eliminated  the  middle  word. 
Just  the  isame,  when  you  see  four-cycle  it  means 
that  there  are  four  strokes  of  the  piston,  two  up 
and  two  down^  to  each  cycIe^Then  it  starts  over  . 
agaij;  on  another  cycle  of  the  same  four  strokes. 

TWO-CYCLE  ENGINE 

In  the  two-cycle  engine,  the  entire  cycle  of  * 
events    (intake,    compression,    power,  and, 
exhaust)  takes  place  in  two'pistpn  strokes. 

A  two-cycle  engine  is  shown  in  figure  6-5, 
Every  other  stroke  in  this  engine  is  a  power 
stroke.  Each  time  the  piston  moves  down  it  is  on 
the  power  stroke.  Intake,  compression,  power, 
and  exhaust  still  take  place,  but  they  are 
completed  in  just  two  strokes,  in  figure  6-5  the 
intake  and  exhaust  ports  are  cut  into  the 
cylinder  wall  instead  of  being  placed  at  the  top 
of  the  combustion  chamber  as  in  the  four-cycle 
engine.  As  the  piston  m^ves  down  on  its  power 
stroke,  it  first  uncovers  the  exhaust  port  to  let 
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Figure*6-5.— Events  in  a  two*stroke  cycle  engine. 
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burned  gases  escape  and  then  uncovers  the 
intake  port  to  allow  a  new  fuel-air  mixture  to 
enter  the  combustion  chamber.  Tlien,  .pn  the 
upward  stroke,  the  piston  coVers  both  ports  and, 
at  the  same  time,  compresses  the  new  mixture  in 
preparation  for  i^iilion  and  another  power 
stroke. 

In  the  engine  shown  in  figure  6-5  the^piston 
is  shaped  so  that  the  incoming  fuel-air  mixture  is 
^directed  upNvard,  thereby  s\yeeping  out  ahead  of 
it  the  burned  exhaust  gases.  Also,  there  \\  an 
inlet  into*  the  crankcase  througli  which  the 
fuel-air  mixture  passes  before  it  enters  the 
cylinder  This  inlet  is  opened  as  'the  piston 
moves  upward,  but  it  is  sealed  off  as  the  piston 
moves,  do.wnward  on  the  power  stroke.  The 


downward  moving  pJ -ton  slightly -conripresses  the 
mixture  in  the  cranK.xse,  thus  giving  the  mixture 
enough  pressure  to  pass  rapidly  /  through  the 
intake  port  as  th^  piston  clears  this  port.  This 
improves  the  sweeping-out,  or  scavenging,  effect 
of  the  mixture  as  it  e^nters  and  clears  the  burned 
gases  from  the  cylinder  through  tlie  exhaust 
port.  ^ 

FOUR-CYCLE  vs  TWO-CYCLE  ' 
EI^GINES 

You  have  probably  noted  thai  the  two-cycle 
e  n  gl  n  e  p  roduces  a  power  stroke  every 
crankshaft  revolution;  the  four-cycle  engine 
requires  two  crankshaft  revolutions  .for  each 
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power  stroke.  It  might  appear  then  that  the 
.  two-cycle  could  produce  twice  as  much  power  as 
the  four-cycle  of  the  same  size,  operating  at  the' 
same  speed.  However,  this  is  not  true.  With  the 
two-cycle  engine  some  of  the  power  is  used  to 
drive  the  blower  that  forces  the  air-fuel  charge 
•  into  the  cylinder  under  pressu^re.  Also,  the 
burned  gases  are  not  completely  cleared  from 
the  cylinder.  Additionally,  because  jof  the  much 
shorter  period  the  intake  port  is.  open  (as 
compared  to.  the  Jperiod  the  intake  valve  in  a 
four-stroke-cycle  is.  open),  a  relatively  smaller 
amount  of  fuel-air  mixture  i?  admitted.  Hence, 
with  less  fuel-air  mixture,  less  power  per  power 
stroke  is  produced  as  compared  tb  the  power 
produced  in  a*" four-stroke  cycle  engine  of  like 
size  operating  at  the  same  speed  and  with  other 
conditions  being  the  same.  To  increase  the 
amount  of  fuel-air  mixture,  auxiliary  devices  are 
used  with  the  two-stroke  engine  to  ensure 
delivery  of  greater  amounts  of  fUel-air  mixture 
into  the  cylinder. 

\  MULTIPLE^YLINDER  ENGINES 

Tlie  discussion  so^  far  in  this  chapter' has 
concerned  a  single-cylinder  engine.  A  single 
^cylinder  provides  only  one  power  impulse  every . 
ty/o  crankshaft  revoliitmns  in  a  four-cycle  engine 
arid  is  delivering  power  only  one-fourth  of  the 
time.  To  provide  for  a  more  continuous  flow  oU 


power,  modem  engines  use  four,  six,  eight,  or 
more  cylinders.  The  same  series  of  cycles  take 
place  in  each  cylinder.  ; 

In  a  four-stroke  cycle  six-cylinder  engine,  for 
example,  the  cranks,  on  the  crankshaft  are  set 
i20  degrees  apart^  the  cranks  for  cylinders  1  and 
•'6,  2  and  5,  and  3  and  4  being  in  line  with  each 
other  (fig.  6-6).  Tlie  cylinders  fire  o'r  deliver  tlie 
power  strokes  in  the  :  following  order: 
1-5-3-6-2-4.  Thus  the  pov/er  strokes  follow  each 
other  .so  closely  that  there  is  a  fairly  continuous 
and  even  delivery  of  power  to  the  crankshaft.^ 

BLOCKS 

The  engine  block  of  most  of  the  equipment 
you;  as  an  ASM,  will  bfc  required  to  service  and* 
repair  is  the  basic  frame  of  the  engine,  in  liquid 
cooled  engines,  the  block  contains  the  cylinders, 
water  pass^dges  used  to  circulate  the  water  for 
cooling/jf^e  cylinder,  and  the  main  bearing 
housing  for  the  crankshaft  when  the.crankcase 
and  cylinder  block  are  cast  in  one  piece.  All  the 
accessories  that  help  to  make' up  an  engine  are 
attached  to  the  block.  Some  blocks  contain  the 
valve  ports  to  th\?  cylinders  and  the  passageways 
for  the  valves.  The  intake  and  exhaust  manifolds 
may  be  bolted  to  the  block.  The  camshaft  is'also 
supported  in  jSie  block.  A  moie  detailed 
description  of  fSe  block  is  given  in  chapter  1 3  of 
Basic  Machines.  Most  of  the  maintenance  of  the 


Figure  6-6. -Crankshaft  for  a  $lx-cyh'nder  engine. 
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block  involves  the  cyliryiers,  cooling  system^ 
crankshaft,- and  camshaft,^  oti^  is  covered  later  in 
this  chapter.  The  part  of  the  engine  block  that  is 
not  covered  by  accesscries  should  be 
periodically  wiped  down  and  inspected  for 
cracks  and  rust;  The  supports  for  the  engine  are 
either  a  p^t  of  the  block  or  crankcase!;  or  they 
are  bolted  tp  it. 

CYLINDERS  V 

The  smooth  inner  surface  of  cylinders  Is 
achieved  'by  grinding  and/or  boring.  Since  the 
piston  moves  up  and  down  in  the  cylinder;  the 
cylinder  wall  must  be  smooth  and  perfectly 
round.  Wear-resistant  inetal  alloy  liners  or 
sleeves  serve  as  cylinder  walls  in  most  diesel 
engines  and  in  a  few  gasoline  engines.  The  lir^ers 
can  be  replaced  when  they  become  rough  or 
oilt-of-round.  Liners  can  be  either*  ^^ress  fit  or 
slip  fit  into  the  block.  They  are  eithen  wet-type 
or  idry-type,  depending  on  whether  or  not  they 
come  in  contact  with  the  coolant.-  Special 
precautions  must  be  taken  with  the  seals  when 
installing  thp  wet-type  liner.  Soap  or  brake  fluid 
is  recommended  as  a  lubricant  on  the  seals  to 
prevent  them  from  rolling  or  twisting. 

Most  of  the  wear  on  the  side  of  the  cylinder . 
wall  is  caused,  by  the  pressure  of  the  piston  ring§. 


Some  wear  is  also  caused,  by  the  side  thrust  of 
the  piston  and  by  dirt  getting  in  the  cylinder  and., 
acting  as  a  grinding  cdmpound  against  the  wall. 
Special  gages  and  micrometers  are  used  to 
measure  the  wear.  Tools  and  Tlieir  Uses.MAV- 
EDTRA  10085  (Series)  explains,  how  to  use 
these  tools.  To  determine  if  a  new  ifher  is 
needed,  check  the  manufacturer's  manual.  On 
engines  with  no  liner,  the  cylinder  may  need  to 
be  rebored  to  smooth  it  and  make  it  round 
again.  This  may' require  oversized  pistons  and/or 
rings  when  the  engine  is  again  assembled. 

Ontair-cooled  engines  the  cylinders  may  be 
exposed  to  more  readily  dissipate  the  Jieat.  In 
this^se,  one  or  two  cylinders  will  usually  Ime 
a  bolted-on  head  that  nial^  it  easy  to  inspect  a* 
cylinder.  The  cylinder  or  cylinders  may  be  in  a 
separate  unit  that  is  boltecl  to  the- block.'  In  this 
case,  a  cylinder  base  gasket  is  used  bet\ve6n  the* 
cylinder  assembly  and*  the  block.  Refer  to 
chapter  13  of  Basic  Machifvjs,  NAVEDTRA 
10624  (Series),  fo/more  details  on  cylinders. 


PISTONS 

Because  of  the  scaling  quality  pf  the  piston 
rings,'  the  piston-  becomes  a  moving  \yall  in  the 
cylinder.  The  piston  (fig.  .6-7)  also  acts  as  the 
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Figure  6-7.— PartSKjf  a  piston. 
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guide  for  the  upper  end  of  the  connecting  rvid^ 
which  transmits,  the  force  of  combusti9n  from 

.  the.  piston  to  the  crankshaft.  The  piston 
attached  to  the  connecting  rod  by  avpiston  pin  ^ 
Oyrist  pifi)  that  passes  through  the  upper  end  of 
the/  tonnecting  rod  and.  through  bosses  in  the 
piston.  'The  grooves  near  the  top  of  the  piston 
house  the  piston  rings.  The  two  toppings  are 

*  usually  compression  rings  thaf  prevent  gases 
from  leaking  by  thd  piston  on  the  compression 
and  pov/er  strbkes  when  the  pressure  is  the 
greatest.  Either  one  or  two  oil-regulating  rings 
located  below  the  compression  rings:  scrape /oil 
froiTi  the  cylinder  wall  and  return  it  to /the 
crankcase.  Piston  rings  are  shown  in  figure  6-8. 

The  piston  must  stop  at  the  end  of^^aoh 
stroke  and  withstand  the  force  of  combustion'. 
Therefore,  it  must  h^'made  of  tough  material, 
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\ Figure  6-8.~-Piston  rings. 


yet  be  ligKt  in  weight.  It  nnust  also  be  carefully 
,   balanced  and  weighted  to  overcpme  inertia  and 
.  momentuiTi  at  high  speeds.  The  piston  pin  may 
"  be  fastened  to  the  piston  or  to  the  connecting 
rod,,-  6;  not  be  Tastened  to  either  and  be  free 
\^    floating.  Since  about  one-third  of  .the  heat 
\  ab^rbed  by  the  piston  because  of  combustion  is 
transmitted  tlirough  the  rings  ta  the  cylinder 
wall,  piston  rin^s  are  made  of  "heat-resistant 
metal,  ^pecau^e  the  rinps  must  maintain  contact 
with  the  cylinder  wail  through  their  own  spring 
action  and  withstand  the  constant  wear  against 
the*  wall,  they  m,ust  be  Vc>y  hard;  Pistons,  piston 
'  rings,  and  piston  piris  are  deSc^ibed  in  more 
detail  m  chapter'!  3  of  Basic  Machines: 

'  The  purpose  of  the  piston  assembly  Vs  to  seal 
the  cylinder  below  the  combustion  chamber.  If 
the  piston  is  cracked  or  broken  .or  the  piston, 
rings  worn  or  broken,  the  desired  sea:  is- lost. 
When'  this  .happens,  the  piston  or  tho  rings 
must  be  replaced.  The  cylinder  leakage  tester 
.  used  to  determine  this  malfunction  of  the  piston 
and  rings  has  been  covered  in  chapter  2  of  this 
training  manual. 

to  replace  piston  rings,  the  old  rings  must  be 
carefully  removed.  Care  must  be  used  in:> 
removing;  ^he  rings  and  in  positioning  the  new 
rings  not  to  scratch  or  gouge  the  grooves  or  the 
lands  between  the  grooves.  Piston  lands  ate  part^ 
of  the  . piston  between  the  grooves  and  provide  a 
seating  surface  for  the  sides  of  the  rings. 

^»6ratches  and  gouges  can  upset  the  balance 
of  the  piston  and  impair  th^  purpose  of ^- the 
rings.  The  new  rings  can  be  spread  enough  ;to  . 
permit  slipping  them  into  the  proper  grooves. 
Since  the  rings  ar^  very  hard,  extreme  care'must 
'.be  exercised  n6t  to  spread  therh  too- much  or  . 
they  will  breaks  A  piston  ring  compressor  is  used 
tahold  the  rings  to  the  cylinder  size  until  the 
piston  and  rings  can  be  pushed  into  the  cylinder. 
To  replace  a  crarrked  piston,  the  connecting  rod 
;  must  be  disconnected  from  the  crankshaft!, Then 
the  piston  and  connecting  rod  cm  be  removed 
and  the  new  piston  installed ..^ -  - 


CONNECTING  RODS 

/Connecting  rods  permit'the/orce  exerted  on 
75.61        the   piston  during  the  power  stroke  to  be 
transferred  to  the  .crankshaft.  There  fore,  =  they 
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are  forged  from  a  steel  alloy  that  is  strong 
enough  to,  withstand  heavy  loads  without 
bendihg  or  twisting.  Each  end  is  constructed  to 
hoW^bearingi  that  fit  on  the  piston  pin  at  the 
top  and  on  the  crankshaft  at  the  bottom  end.' 
(See  chapter  13  of  Basic  Machines  for  more 
^details  on  connecting-rods.)  Because  connecting 
tody  seldom  bn^ak;  most  of  the  maintenance 
involves- replacing  the  bearings  or  bearing  inserts 
on  the  ends.  Bearing  inserts  are  made  of  bronze 
or  similar  material.  The  insert  that  contacts  the 
piSiOn  pin  is  round  and  .may  need  to  be  reamed 
but  so  the  pin  will  fit  snug  but  not  tight.  The_ 


insert  that  contacts  the  aankshaft  is  usually  in 
two  pieces  that  fit. together  when  the  connecting 
rod  cap  is  bolted  around  the  crankshaft  to  the 
connecting  rod  (fig.  6-9). 

When  the  connecting  rods  are  replaced,  the 
connecting  rod  and  cap  are  bolted  together  (fig^ 
6-9)  over  the  bearing  inserts  that  fit  around  the  . 
crankshaft.  The  npts  on  the  bolts  miisi  be 
tightened  to  a  "specific  tension  aising  a  torque 
wrench.  Be  sure  yoU' obtain  the  correct  tension 
from  the^'maintenance  manual  and  tighten  each 
nut  to  that  torque. 

To  maintafn  good  engine  balance, 
connecting  rods  are  carefully  matched  in  sets. 
When  it  becomes  necessary  to  remove  them, 
make  sure  'they  are  marked  so  they  can  be 
replaced  in  the  same  order  in  which  they  were 
removed,  in  addition  to  the  proper  fit  of  the 
connecting  rod  bearings  and  the  propcrpbsitidn" 
of  the  connecting  rod,  the  alignment  of  the  rod 
must  be  correct.  This  means  that  the  hole  for 
the  piston  pin  and  the  crankshaft  must  be 
precisely  parallel.  Equipment  of  acceptable 
accuracy  for  checking  connecting  rods  is  shown 
in  figure  6-10.  Every  rod  should  be  checked  for 
proper  alignment  before  it  is  installed  in  the 
engine.  Misalignment  may  cause  hard-to-locale 
noises  in  the  engine. 


CRANKSHAFTS  \ 

The  crankshaft  (fig.  6-1 1)  transforms  the  up 
and  down  motion  of  the  piston  . and  connecting 
rod  to  a  rotary  motioil  that  drives  the  vehicle. 
To  do  tins,  the  part"  where,  the  connecting*  rod 
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Figure  6-9.— Connecting  rod. 
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81.59 

Figure  6-10.— Checking  connecting  rod  alignment. 


160 


Chapter  6-RjECIPROCATING  COMBUStlOjsf  ENGINES  f 


^erts  the  thrust  is  off  the  line  gqing  through  the 
center  of  the  crankshaft  Thus,  the  thrust  acts 
like  your  arm  when  you  turn  z  cfank-^a  speed 
handle  for  sockets,  or  a  b'racp.  and  bit.  Tl..^' 
^offset  part  where  the  connecting  rod  fastens  to^ 
the  crankshaft  is  called  the  throw.  Throws  are 
situated  so  that  they  counter!  Uance  each  other 
(fig.  6-1 2).  ~y -type  engines  have  two  connecting 
rods,  one  from  each  side,  fastened  to  one 
crankshaft  throw.  To  allpw  the  rods  to  clear 
each  other,  one  bank  of  cyjinders  is  set  aiiead  of 
the  other. 

Main  bearings' 'support  the  crankshaft  c^' 
each  end  and  from  one  to  three,  places  in 
between.  The  crankshaft  is 'made  of  an  alloy  of 
^>teei  and  nickel,  and  the  surfaces  for  the  main 
and  throw  bearings  are-  machined  smooth.  The 
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Figure  6-11, -Crankshaft  of  a  4-cy|jnder  engine. 
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,crankshaftNft\ist  mak^  two  revolutions  fo?  each 
power  strokeNof  the  piston  of  a  four-Stroke, Sycle 
engine.  In  a-  two-stroke  cycle  "engin^^  a  pQWer 
•st5pk6^pccuts  during  each  revblutiol^  of  the 
crankshaft.  When^the  piston  is  at  TDC 'ready  tp 
start' 4he'  power  stroke,^ the  throw  for  that 
cylinxfer.'.is  also  at.  th^f  top  of  its  travel  As  the 
power  is  apiplied  to  the  pistoo,  it  is^conveyed  by^ 
the  conniicting  rod  to^  downwardjthrust  on  the 
throw.  This  thrust,' as"  it  passes  fr&m  piston  to^, 
piston,  ^erts  a' continuing  tdming^force  to  the 
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il^hatt. 


•  A  pi^ce  of  rotating  machinery  "usually  has  a 
critical  speed  at  y/hich  it  will  vibrate.  Thus  the 
thrust  of  power  just  described  creates  a  torsional 
or  ^wisting  ^vibration „->of  the  crankshaft.  The 
toFsional  vibration,  which  could  actually  break 
the  crank'Shaft',  is  controlled  by  a  vibration 
damper^on  the,front/6f  the  crankshaft.  More 
information'  concerning  crankshafts  and 
"  vibration  dampers  4S  given  in  Basic  Machines.  It 
is  often  desirable  to  repair  crankshafts  rather 
than  replace  tnem  because_they„  are  Jarge-  and 
expensive.  TWs  will  be  .  done  at  the  overhaul 
shop. 


TIMING  GEARS 
AND  FLYWHEELS  , 

The  crankshaftotiming  gear  of  an  engine  is 
fastened  to  the  front  end  of  the  crankshaft.  It 
turns  a  camshaft  timing  gear  so  that  the 
camshaft  is  turning  in  proper  relationship  to  the 
crankshaft  to  open  and  close  the  valves  at  the 
proper  time.  The  gears  are  keyed  to  their 
respective  shafts  so  that  they  cannot  slip.  Direct 
driven  timing  gears  are  marked  so  they  can  be 
replaced  in  the  same  rfelative  position  if  ^ 
removed.  (See  fig.  6-13.)  In  some  engines, 
sprockets  and  chains  are  used  to  connect  the 
crankshaft  to  the  camshaft.  Besides  operating 
the  valve  mechrinism,  the  camshaft  may  have 
cams  or  gears  ilut  optr.ite  the  ignition 
distributor,  fuel  pump,  fuel  injector,  and 
lubrication  pump. 


81 .6^ 


The  flywheel  is  mounted  on  the  rear  end  of 
the  crankshaft.  It  stores  energy  when  the  piston 
delivers  thrust  to  the  crankshaft  on  the  power 


Figure  6-1 3. —Timing  gears  and  their  markings. 


-strokeL  and- uses  this  energy  to  keep  the  engine- 
operating  when  no  thrust  is  being  delivered  to 
the  crankshaft.  The  flywheel  also  helps  the 
crankshaft  turn  evenly  and  smoothly  by 
dampening  the  jerky  and  uneven  movement 
imparted  by  the  thrust  of  the  pistons.  The 
tlywhecl  is  small  if  the  engine  has  a  large  number 
of  cylinders,  because  the  consequent  l  dapping 
of  power  impulses  results  in  less  need  for  the 
energy  storing  and  dampening  qualities  of  the 
flywheel.  Conversely,  a  1 -cylinder  engine  would 
need  a  relatively  large  tlywheel.  The  rim  of  the 
flywheel  has  a  ring  gear  that  meshes  with  the 
starter  driving  gear  that  is  used  for  cranking  the 
engine.  The  rear  surface  of  the  flywheel  can  be 
machined  or  ground  smooth  to  act  as  one  of  the 
surfaces  of  a  pressure  clutch. 


VALVES 

Most  engines  h^i/c  poppet  valves  l(also  called 
mushroom  or  tulip  valves).  The  word  *'poppet" 
comes  from  the  popping  action  of  the  valve; 
"mushroom"  and  *'tulip''  comes  from  the  shape 
of  the  valve.  Most  engines  have  two  valves  for 
each  cylinder.  The  intake  valve  allows  the  air 
(diesel)   or   air-fuel   (g.'<soline)  to  enter  the 
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cylinder,  and  the  exhaust  valve  permits  the 
Tfesidue  of  the  burning  to  escape  from  the 
/cylinder.  The  intake  valves  are  ordinarily  made 
/  of  chromium-nickel  alloy.  The  exhaust  valves  are 
/  generally  made  of  silichrome  alloy"  because  of 
•   the  extremely  high  temperatures/ they  must 
witlistand.  Sometimes  ' exhaust  yalves  contain 
sodium  in  a  sealed  cavity  extending  from  head 
to  stem.   This  sodium**  cools  the  valves  by 
conducting  heat  away  from  them. 

WARNlNo:  When  sodium-tilled  engine 
valves  become  unserviceable,  they  should  not  be 
discarded  to  the  metal  scrap  pile.  Should  the 
sodium  in  the  valves  come  in  contact  with  water, 
the  valve  may  explode.  The  valves  should  be 
appropriately  tagged  ^^OL.Jdcntifiuatia 
provisions  made  for  their  temporary  storage,  and 
they  should  be  shipped  to  the  nearest  naval 
ammunition  depot  for  proper  disposal. 

Both  the  intake  and  the  exhaust  valves 

operate  against  the  rims  of  circular  openings 
__  .(yaJx^_  ports)  in  the  combustion  chambers  of  the 

cylinders.  These  rims  are  called  valve  seats  (fig. 

6-14),  The  yalve  and  valve  seat  must  make  per- 
^.fect  contact.  Although  some  earlier  engines  were 

designed ''wtHT  naTroW^^ 

and  valve  seat,  most  are  now  designed  with  valve 
seat  angles  of  SO";  to  45''  as  shown  in  figure 
6-14.  This  angle  helps  prevent  excessive 
accumulation  of  carbon  on  the  contact  surface 
of  the  seat,  a  condition  which  keeps  the^ valve 
from  closing  properly.  Carbon  deposits, 
incidently,  tend  to  pit  the  softer  metal  of'the 
cylinder  block  and  head. 

Many  engines  have  replaceable  valve  seat 
inserts  (fig.  6-15)  made  of  special  heat-resistant 


alloys.  These  inserts  can  be  ui=e<'  [r  jn;  er  cast 
'iron  or  aluminum  blocks  or  head>  Wht"\  a  valve 
seat  insert  is  badly  worn  fro/n  enmling  or 
pitting,  it  mast  be  rejjlaced. 

RECONDITIONING  VALVES 
AND  VALVE  SEATS 

Valve  reconditioning  includes  grinding  valves 
and  valves  seats,  adjusting  valve  tappet 
clearances,  installing  new  seat  inserts,  and  timing 
the  valves.  Together,  these  operations  constitute 
the  valve  service  nece<;sary  for  smooth  ^njjjne 
performance  and  maximum  power  output. 

"Grinding  valves'*  is  a  common  expression 
used  around  the  shop.  It  is  the  major,  but  not 
the  only,  operation  in  reconditioning  them. 
Before  valves  are  ground  or  refaced  on  the 
valve-re  facing  machine,  they  must  be  cleaned. 
Heavy  carbon  deposits  and  excessively  burned 
valves  may  indicate  the  need  for  new  rings  or 
valve  guides  and/or  intake  valve  oil  seals.  Carbon 
deposits  and  burned  valves  may  also  indicate 
improper  combustion  resulting  from  poor  spark 
ignition  in  the  gasoline  engine  or  improper  fiiel 
injection  in  thedjesel  enKinCi  

To  recondition  valve  and  valve  seats,  first 
take  off  the  cylinder  head  and  remove  the 
carbon  from  the  head  and  the  block.  Then 
remove  the  valves.  Using  either  a  wire  brush  or  a 


■/5.75  .  81.67 
Figure  6-14.--Valve  head  and  seat  angle.  '  ,  Figure  b  lB.-Valve  seat  insert, 
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wire  buffing  wheel  (fig.  6-16),  clean  the  carbon 
.off  the  valves.  When  using  the  buffing  wheel, 
wear  goggles  so  that  particles  of  wire  and  other 
foreign  matter  will  not  fly  into  your  eyes.  Clean 
the  valve  stems  with  fine  abrasive  cloth. 

Be  careful  not  to  interchange  the  valves  and 
the  valve  parts;  each  valve,  with  its  own  spring, 
retainer,  and  lock  must  be  replaced  in  the  same 
valve  port  from  which  it  was  removed.  To 
eliminate  any  confusion,  devise  some  system  of 
marking  the  valves  to  identify  them  with  the 
cylinders  from  which  they  were  taken. 

After  cleaning  the  valves  and  checking  them 


-lor  wear,  clamp  the  valve  stem  in  the  chuck  of 
the  valve-refacing  machine.  Be  sure  that  the 
grinding  angle  index  is  set  t(x  the  angle  of  the 
valve  head  that  is  fo  be  ground. .  Follow  the 
operating  instructions  of  the  manufacturer  of 
the  refacing  machine,  together  with  those  of 
your  supervi,sor,  while  becoming  familiar  with, 
the  details  of  grinding. 

n  the  tip  ends  of  the  valve  stems  are  rough, 
smooth  them  by  grinding  lightly  with  a  special 
attachment  furnished  with  the  valve-refacing 
machine. 

Before  the  valve  seats  are  serviced,  the  valve 
guides  niu,st  be  serviced  and  replaced  if  necessary. 


VALVE  GUIDE  SERVICE 

Servicing  of  valve  guides  is  an  important,  but 
often  negjected,  part  of  a*valve  job.  The  guide 
must  be  clean  and  in  good  condition  before  a 
good  valve  seat  can  be  made.  Wear  of  valve 
guides  i's  generally  the  only  trouble  that  will  be 
encountered. 

There  are  several  satisfactory  methods  of 
checking  for  valve  ,^uide  wear.  One  procedure 
includes  the  use  of  a  dial  indicator.  With  the 
valve  in  place,  turn  the  engine  so  that  the  valve  is 
jnQved__iDCLits._seatJrLStaU-the-dialJndicator- -6n~ 


the  block  with  the  indicating  button  touching 
the  edge  of  the  valve  head.  Move  the  valve 
sid-jways  to  determine  the  amount  of  wear. 
Another  checking  procedure  involves  the  use  of 
a  small  hole  gage  to  measure  the  inside  of  the 
guide  and  a  micrometer  to  measure  the  valve 
stem;  the  difference  in  the  readings  will  be  the 
clearance.  Check  the  manufacturer's  manual  for 
the  allowable  maximum  clearance.  When  the 
maximum  clearance  is  exceeded,  the  valve  guide 
will  need  further  servicing  before  proceeding 
with  the  valve  job. 

Servicing  procedures  will  depend  on  whether 
the  guide  is  of  the  integral  or  the  replaceable 


_  .  81.68 

Figure  6- T6.— Cleaning  a  valve  with  a  wire  buffing  wheel. 


type.  If  of  the  -integral  type,  it  must  be  reaaied 
to  a  larger  size  and  a  valve  with  an  oversize  stem 
installed;  but  if  it  is  of  the  replaceable  type,  it 
should  be  removed  and  a  new  guide  installed. 

Valve  guides  •  should  be  removed  ajid 
replaced  with  special  drivers.  When  working  on  a 
valve-in-head  engine,  use  an  arbor  press  to 
remove  and  replace  valve  guides. 

After  the  valve  guides  are  serviced  and  the 
valve  seats  are  ground,  check  the  concentricity 
of  the  two  with  a  valve  scat  dial  indicator  (fig. 
6-17).  Any  irregularity  in  the  seat  will  register 
on  this  dial. 

Valve  Seat  Service 

If  a  replaceable  seat  is  badly  worn  or  ground 
down,  replace  it  with  a  new  one.  Remove  the 
old  seat  either  with  a  puller  or  by  drilling  it  on 
two  opposite  sides  and  then  breaking  it  in  halves 
with  a  hammer  and  chisel.  New  inserts  .should  be 
chilled  in  dry  ice  for  about  15  minutes  lo  shrink 
them  so  ihat  they  can  be  easily  driven  into 
place. 
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the  proper  angle  in  accordance  with  the  engine 
manufacturer*s  specifications. 

Only  a  few  seconds  are  required  to 
recondition  the  average  valve  seat.  Check  the 
progress  of  the  grinding  operation  often,  and  do 
not  remove  any  more  material  than  is  necessary 
to  obtain  a  good  seat. 

Although  recommended,  it'  is  usually  not 
necessary  to  lap  the  contact  surfaces  of  the  valve 
and  valve  seat  after  they  have  been  ground/ 
Always  check  your  work  by  testing  one  or  !wo 
of  the  valves.  This  check  can_be  made  by 
i:5preadijrg^~-th1n^:^a[^f^ 
valve  face  or  by  putting  lead  pencil  marks  on  the 
valve  seat.  If,  when  turning  a  valv^e  on  its  seat,  an 
even  deposit  of  the  coloring  is  seen  on  the  valve 
seat,  or  the  pencil  lines  are  removed,  the  seating 
is  perfect. 

Figure  6-18  shows  a  normal  valve  seating; 
this  will  vary  according  to  the  manufacturer's 
specification.  When  a  great  deal  of  grinding  is 


Figure  6-17.— Using  a  valve  seat  dial  gage. 
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NORMAL 


In  some  cases  the  valve  seats  arc  not 
replaceable,  so  they  must  be  ground.  Equipment 
that  is  used  for  servicing  valve  seats  is  discussed 
in  chapter  2  of  this  training  manual.  Be  sure  you 
kno\y  how  to  operate  the  kind  of  equipment 
that  is  in  your  shop.  Study  the  manufacturer's 
manual  if  necessary  . 

Select  the  proper  size  pilot  for  the  vaKe 
guide  and  insert  and  lock  it  into  the  guide.  Wipe 
the  valve  seat  free  of  carbon  dust  and  oil.  Then 
with  a  clean  oily  rag,  apply  a  thin  film  of  oil  to 
the  pilot  shaft. 

Use  two  or  more  stone  sleeve5;-to  facilitate 
seat  grinding  if  the  engine  block  lias  both  soft 
and  hard  seats,  or  if  a  high  polish  ''finish  grind'' 
is  desired. 

One  sleeve  may  carry  a  soft  , sent  stone, 
another  the  hard  seat  stone,  a  tliird  sleeve  the 
finishing  stone,  and  r  .sibly  a  fourth  sleeve  may 
carry  a  20^^  narrow  stone.  Tliis  eliminates  the 
delay  that  would  be  in\olved  ^n  changing  stones 
when  different  t^rim'ing '  conditions  aie 
encountered.  Make  su^^  flic  stonc«:  re  dress  !  at 
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Figure' 6'18.-Valve  seat. 
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necessary  on  a  badly  burned  or  worn  seat,  a 
condition  such  as  that  shown  in  figure  6-18  will 
occur. -When  this  occurs,  narrow  the  seat  ,  by 
using  a  20^  narrowing  stone.  Figure  6-18  shows 
a  seat  that  fias  had  metal  removed  by  narrowing. 
Grinding  with  the  narrowing  stone  usually 
requires  only  a  few  seconds.  Check  often  while 
grinding  ^o  that'  too  much  metal  will  not  be 
removed. 

Checking  Valve  Springs 

/  Wliile  working  with  valves,  notice  that  some 

— of^  thcrn^lw\'c-nTiorc  tharr-'OTC'^'spTingr  Thc'se^" 
additional  springs  are  coiled  to  offset  a  tendency 
of  the  valve  to  vibrate  at  higfi  engine  speeds. 
They   also   insure   proper  valve  seating  and« 
provije  a  safety  factor  in  case  one  spring  should 
break. 

Test  valve  springs  for  uirii^rmity  and 
strength.  For  *an  accurate  test,  use  a\alve  spring 
tester  when  one  is  available.  If  ij^^^^e  spring 
tester  is  not  available,  place  used  springs  on  a 
level  surface  beside  a  pair,  of  new  springs.  Use 
any  straightedge  to  determine  irregularities  in 
height.  Replace  worn  out  springs  with  new  ones. 
t/n»--'ui:^^  or  cocked  valve  springs  will  i.ndo,  in 
'.!\e  j'->cinbled  job,  all  the  precision  that  has  been 
put  in'.o  the  grinding  operation. 

VALVE  OPERATING 
MECHANISM 

Becaus.  the  valves  operate  at  different  times, 
separate  operating  mechanisms  must  b:  provid'^j 
for  euch  valve.  Valves  are  held  closed  by  heavy 
springs  and  by  con;pression  in  the  combustion 
chamber.  The  valve  operating  mechanism  ff'g, 
6-19)  overcomes  the  r^pring  pressure  and  op^ns 
the  \alves  at  the  proper  time.  This"  mechanism 
includes  the  camshaft,  camshaft  followers 
(tappets),  push  rods,  and  rocker  arms.  Chnptcr 
13  of  'liasiQ  Mucl.Uies,  NAVHDTRA  10624 
(Series),  contains  the  description  an*.'  operation 
of  these  parts  of  the  v.:lve  operating  i  icehanism. 

Proper  and  uni'/'orm  valve  adjus'menis  are 
required  for  a  smooth  running  engine  Unjess  the 
clearance  between  valve  stems  and  i  acker  arms 
or  valve  lifters  is  adjusted  in  accordaitce  with  the 
manufacturerX  specifieations.  t!:e  valves  will  not 
open  or  dose  at  th'.'  proper  time  and  engine 


;'ii7.3i 

Figure  6- T9.— Valve  operating  »  i?ha»'  ',ro  '^or  s  ^wes 
in  blcck  type  engd^-^. 


l>erformance  will  be  affected.  \  »o  great  a 
clearance  will  cause  the  valvos  lu  open  late. 
Valves  adjusted  with  lc(j  lit'.k  ..-learance  will 
overheat  and  warp.  W^iTped  -  :.i  /e  .  cannot  seat 
properly  and  w.\  ;K';nit  the  escaping 
combustion  llanie  l-j  r*'\v,  both  the  valve  and 
valve  seat.  Too  ^^n*;'!  a  clearance  may  also 
prevent  a  valve  frc<  /  opening  far  enough  and 
'long  enough  to  adn\l  a  full  charge  of  air  or  fuel 
mixture  (either  diesci  or  gasoline  engine),  or  it 
_  will  prevent  the  escape  of  some  e.xhiiust  gases 
fro:?  the  cylinder.  A  reduced,  charge  in  the 
cylinder  obvioj.sl\  results  in  engine  power  loss. 
Exhaust  gasLi  flia^.  remain  in  the  cylinder  lake 
up  space;  and  !  combined  with  the  incoming 
chr»rge,  they  reduce  the  effectiveness  of  the 
mixture: . 

To  adjust  the  ,  i  /cs,  insert  a  feeler  gage 
between  the  tappet  .  »id  valve  stem  when  the 
viilves  arc  -n  the  block  or  between  the  roekep 
arm  and  the  valve  stem  for  overhead  valves.  The 
rocker  arm  c  tappet  adjusting  screw  can  be 
turned  to  Widen  or  close  the  gap.  Consult  The 
manufacturer's  specifications  for  the  proper 
eleannice.  • 
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VALVE  ADJUSTING 

When  an  engine  has  been  reassembled  after 
reconditioning    the   valves,    make    sure  the 
V  :  adjusting  screws  are  backed  off  before  rotating 
;  ■  the  engine.  A  valve  that  is  too  tight  could  strike 
-  ..  the  piston  and  damage  the  piston,  the  valve,  or 
[)  both.  Adjust  the  valves  in  accordance  with  the 
■   manufacturer's    specifications,  following 
recommended  procedure.  - 

On  any  engine  where  valve. adjustments. have 
been  made,  be  sure  the,  adjustment  locks  are 
— tightT-aftd-tftat-ttttrTalve-inechanism~£^^ 


gaskets-  are  in  place  and  securely  fastened  to 
prevent  oil  leaks..  - 

-ADJUSTING  OVERHEAD  VALVES 

Most  overhead  valves  (fig.  6-20)  are  adjusted 
"hot";  that  is,  valve  clearance  recommendations 
are  given  for.  an  engine\^t  operating 
temperatures.  Before  valve  adjustments  can  be 
propferly  effected,  the  engine  must  he  run  and 
brought  up  to  normal  opcrating^temperature. 

.  ADJUSTING  VALVES  IN  BLOCK 

^  Valves  within  the  block  are  generally 
adjusted  "cold*';  that  is,  recommended'^'^  valve 
clearances  are  given  for  a  cold  engine.  These 
valves  have  mechanisms  very  much  like  overhead 
valves  and  are  adjusted  by  removing  side  J)latcs 
usually  found  beneath  the  intake  manifold  on 
.the  side  of  the  engine  block.  Since  this  engine 

.  must  be  stopped  to  adjust  the  valves,  the  piston 
in  the  cylinder  to  be  adjusted  must  be  on  top 
dead  cei;i,  r  of  tlie  compression  stroke.  This  can. 
"  be  deteriiuned  by  watching  the  valves  of  the 
piston  tliat  is  paired  with  the  one  that  is  being 
set.  As  the  cylinder  that  is  being  positioned  is 

•  coming  up  on  the  compression  stroke,  the  paired 
cylinder  will  be  coming  up  on  the  exhaust 
stroke.  Therefore,  an  exhaust  valve  will  be  open. 
Just  as  the  exhaust  valve  closes  and  the  intake 
Valve  begins  to  open,  the  cylinder  that  is  to  be 
set  will,-  be  on  top  dead  center  of  the 
compression  stroke  and  the  two  valves  can  be 
set.  Once  number  one  cylinder  is  positioned, 
follow,  tlirough  according  to  the  firing  order  of 
the  engine,  as  this  makes  the  job  much  easier 
and  faster.  The  above  procedure  may  also  be 
used  when  adjusting  valves  on  overhead  valve 
engines. 


1^ 


INTAKE  VALVE 
INSTALLATION 


A--CYLINDER  HEAD  COVER 
B-ROCKER  ARM 
C-ROTATOR  CAP 
Dr-VALVE  SPRING 
E-VALVE  GUIDE 
F~COVER  GASKET 
G-CYUNDER  HEAD 
H-^EXHAUST  VALVE 
J-VALVE  SPRING  CAP 
K-ir^TAKE  VALVE  KEY 
L-SEAL 

•M-INTAKE  VALVE 
N-CAMSHAFT 
P-CRANKCASE 
Q-VALVE  TAPPET 
R-PUSH  ROD  COVER 
S-GASKET 
T^PUSH  ROD 

U- ROCKER  ARM  SHAFT  BRACKET 
V-ADJUSTING  SCREV/ 
W--ROCKER  ARM  SHAFT 


\ 
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Figure  6*20.— Valve  operating  mechanism  for  an 
overhead  valve  engine. 


167 
172 


EKLC 


AVIATION  SUPPORT  EQUIPMENT  TECHNICIAN^ M  3  &  2 


HYDRAULICALLY  OPERATED 
V.AJLVE  ADJUSTMENT  " 

On  engines  equipped  with  hydraulic  valve 
lifters  (Hg,  6-21)  it  is  not  generally  necessary  to 
adjustvthe  valves  periodically.  They  operate  with 
zero  clearance.  (See  fig.,  6-22).  The  engine 
lubrication,  system  supplies  a  flow  of  oil  to  the 
lifters  at  all  times.  These  hydraulic  lifters 
operate  at  zero  clearance  and  compensate  for 
changes    in    engine    temperviture,  adapt 


Lifter  bodv. 
Push  rod  seat. 
Inertia  valve. 
Check  ball. 


5.  Ball  retainer. 

6.  Push  rod  seat 
retainer. 

7.  Plunder. 


8.   Plunger  spring. 


.Figure  6-21.— Hydraulic  valve  lifter. 
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automatically  for  minor  wear  at  various  points, 
and  thus  provide  ideal  valve  timing. 

If  for  any  reason  the  valve  mechanism  must 
be  repaired,  an  initial  adjustment  must  be  made 
after  reassembling  the  job.  Nearly  every 
manufacturer  will  have  a  different  procedure  for 
making  this  adjustment.  Check  the 
manufacturer's  serivice  guide  for  the  .  engine 
concerned. 

HYDRAULIC  VALVE 

LIFTER  SERVICE  

Hydraulic  valve  lifters  are  comparatively 
simple  in  design.  Servicing  of  the  lifters  requires 
only  that  care  und  cleanliness  be  exercised^irrChe 
handling  of  parts. 

The  first  indication  of  a  faulty  lifter  is  that  it 
will  start  making  -i  ''clicking '  noise.  The 
listening  rod  pr  an  eri'ine  stethoscope  is  helpful 
in  locating  a  noisy  valve  lifter  by  placing  one  end 
of  the  tool  against  the  particular  part  of  the 
engine  and  the  other  part  to  your  fear.  You 
should  move  the  instrument  around  the  engine 
until  you  have  narrowed  the  noise  down  to'a 
certain  area.  In  an  emergency  or  iiormal 
situation  a  long  screwdriver  or  a  piece  of  garden 
hose  may  be  used.  Be  careful  of  the  moving  fan 
belt  and  fan  blade. 

Usually,  where  noise  exists  in  one  or  naore  of 
the  valve  lifters,  all  lifter  units,  should  be 
removed,  cleaned  in  a  solvent,  reassembled,  and 
reinstalled  in  the  engine.  If  dirt,  carbon,  cr  the 
like,  exists  in  one  unit,  it  more  than  likely  is  in 
all  of  them;  and  it  will  only  be  a  matter  of  time 
before  the  other  lifter  units  will  give  trouble. 

Parts  of  hydraulic  valve  lifters  are  not 
interchangeable.  Should  one  part  become 
damaged,  it  is  necessary  to  replace  the  whole 
unit.  The  plunger  must  be  free  to  move  in  the 
lifter  body.  A  siipple  test  for  this  is  to  be  sure 
that  the  plunger  will  drop  of  its  own  weight  in 
the  body.  .. 

Cylinder  Head 

The  cylinder  head  provides  the  combustion 
chambers  for  the  cMigine  cylinders.* It  is  built  to 
conform  to  the  arrangement  oV  the  vaivcs; 
L-head.  I-head^  or  other. 

In  the  water-ccoled  engine  the  cylinder  head 
(fig.  6-23)  is  bolted  to  the  lop  of  the  cylinder 
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Figure6-22.— Operation  of  a  hydraulic  valve  lifter.  '  ^  -^  227.33 


Figure  6-23.-Cylinder  head  for  L  head  engine.  .81,50 
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•block  to  close  the  upper  end  of  the  cylinders.  It 
contains  passages,  matching  those  of  *the 
cylinder  block,  which  allow-tbe  cooling  water  to 

.  circulate  in  the  head.  The  head  alsd  helps  retain 
compression  in  the  cylinders.  In  the  gasoline 
engine  there  are  tapped  holes, in  the  cylinder 

•  head  which  lead  into  the  combustion  chamber. 
The  spark  plugs  are  inserted  into  these  tapped 
holes.  j 

In  t?he  diesel  engine  the  cylinder  head  may 
be  cast  in  a  single  unit,  o^  may  be  cast'  fur  a 
single   cyhndcr   or   two  pr  more  cylinders. 
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valves  or  their  operating  mechanism,  as  these 
part^  are  a  part  of  th^  cylinder  assembly.  One 
way  i  to  detect  a  cracked  head  on  an  ^air-cooled 
engine  is  by  compressio^  blowby. 

J        'oil  PANS  AND  COVERS* 
*  I 

iTne  oil  pan  is  situated  at  the  bottom  of  the 
bloik  or  cranlccase  if  they  are  separate.  It  is 
ma^e  of  pressed  or  cast  steel  and  holds  the  oil 
suriply  for  the  engine.  The  crankshaft,  camshaft, 
connecting  rods/^and   the  underside  of  the 


separated  head  s^ctions~(usuliiry~^coVm  1,2, 
or  3  cylinders  in  large  er^gines)  are  easy  to 
handle  and  can  be  readily  removed. 

The  L-head  type  of  tyhnder  head  shown  in 
figure  6-23  is  a  comparatively  sir.iple  casting.  It 
contains  water  jackets  for  cociinii,  and  openings 
for  spark  plugs.  Pockets  into  which  the  valves 
operate  arc  also  provided.  Each  pocket  serves  as 
a  part  of  the  .combustion  chamber  The  fuel-air 
mixture  is  compressed  in  the  pocket  as  the 
piston  reaches  the  end  of  the  compression 
stroke.  "Note  that  the  po^ets  have  a  rather 
.omplex  curved  surface.  This  shape  has  been  • 
carefully  designed  so  that  the  fuel-air  mixture, 
in  being  conipressed,  will  h&subjected  to  violent 
turbulence. .  This  turbulence  assures  uniform 
mixing  of  the  fuel  and'air,  thus  improving  the 
combustion  process. 

The  l-head  (overhead-valve)  type  of  cylinder 
head  contains  not  onJy  water  jackets  for  cooling 
spark-plug  openings,  and  valve  and 
combustion-chamber  px>ckets,  but  it  also  - 
con  tains  and  su pports  the  valves  and 
valve-operating  mechanisms.  In  ,  this  type  of 
cylinder  head,  the  water  jackets  must  be  large 
enough  to  cool  not  only  the  top  of  the 
combustion  chamber  but  also  the  valve  seats, 
valves,  and  valve-oi>crating  mechanisms. 

The  head  is  inspected  periodicaUy  for  cracks. 
The  crack  will  usually  show  up  by  leaking  water,  , 
water  in  the  oil  or  vice  versa,  or  combustion 
chamber  blowby.  First  inspect  the  head  gasket, 
as  it  will  normally  be  at  fault.  When  replacing  a 
cylinder  head,  the  bolts  must  be  tightened  " 
according  to  the  manufacturer's  specir-.-^ations, 
with  a  torque  wrench. 

•    The  cylinder  head  of  an  uir-cooled  oi  ijine  is  . 
finned  to  help  dissipate  the  heat  causcl.by 
combustion.  It  does  not  usually  co'^  •  the 


pisAons  can  be  inspected  by  refnoving  the  oil 
'pa|i.  The  oil  pan  is  usually  designed  so  that  the 
oil  drains  to  the  rear  when  the. engine  is  levg^l, 
thbreby  allowing  the  oil  pump  to  pick  up  the  oil 
and  recirculatCo  it.  This  low  part  has  a  plug  for 
draining  the  oil.  Th.e  pan  is  bolted  to  the  block 
or  crankcase  around  the  rim,  'and  an  oil  pan 
."gasket  prevents  oW  Jcakage.  To  remove  the  oil 
pan,  all  the  studs  holding  it  should  be  removed. 
It  should  then  drop  away  from  the  block  or 
crankcas'6.  A  new  gasket  should  always  be  used 
when  replacing  an  oil  p5n.  Be  sure  the  surfaces 
^with ''which  the  gasket  cftpies  in  contact  are 
clean.  The  studs  should  be  tightened  to  the 
torque  specified  for  that  engine  when  replacing 
th  ?  oil  pan 

-  Figures  6-19  and  6-20  show  the  valve  and 
valve  operating  mechanism  covers  of  a  liquid 
cooled  gasoline  enginje.  These  covers  are  bolted 
^  on  and  .^re  sealed  by  gaskets.  Ihe  samc  \ 
'  instructions  for  removal  and  replacing  the  oH 
pan  apply '  to  the  removal  and  replacing  of 
covers. 

COOLING  SYSTEM 

The  purpose  of  the  cooli^ng  system  is  to  keep 
the  engine  operating  at  its  most  efficient 
temperature.  C}|^Jinder-wall  templ^rature  must 
not  increase  beyond  about  400""  or  SOC'-F. 
Temperatures  vfiiglic'r  than  this  will,  cause  the 
lubricating  oirfilni  to  break  down  and  lose  its 
kibricating  properties.  However,  it  is  desirable  to*> 
operate  the  engine  at  temperatures  as  close  to 
the  limits  imposed  by  oil  properties' as  possible. 

Since  the  engine  is  quite  inefficient  wheli  ^ 
cold,  the  cooling  system  includes  devices  that 
prevent  normal  cooling  action  during  engine 
warmup.  These  devices  allow  the  working  parts 
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of  the  engine  to  reach  operating_4&mpeFatw€- 
quickly    and    shorten    the  inefficient 
cold-operating  time.  Then,  when  the  engine 
reaches   operating  terhperatures,  the  cooling 
system  begins  to  function.  Thus,  the  cooling 
.i_system  cools  rapidly  when  the.engine  is  hot,  and 
\it  cools  slowly  or  not  at  all  when  the  engine  is 
Warming  up  or  cold. 

\  Two  general  types  of  cooling,  systems'"  are 
,  used-air  cooling  and  liquid  cooling. 

AIR  COOLED  tiNGINES   


\^An  air  cooling  system  does  not  employ  a 
liquid  coolant;  so  it  is  often  assumed  that  air 
alone  acts  as  the  cooling  medium.  However,  this 
is  nc^t  true,  since  the  fupl  and  lubrication 
systems  also  help  in  cooling  the  engine.  The 
lubrication  system  for  an  air  cooled  engine  often 
includ(k  an  oil  cooler  which  Circulates  tlje  oil 
between  the  ^gine  and  the  cooler,  removing 
heat  froVn  the  engine  as  it  doi^s  so.  Some  cooling 
also  results  from  the  fuel  contacting  metal  parts 
prior  to  dpmbustion. 

'  Tlicre\^  are  sevenil  physical  characteristics 
peculiar  to  the  air  cooled  engine;  the  cylinder 
head  and  cylinder  are  finned  for  strength  and  for 
adequate  •cooling.  In  most  engines,  air  deflectors, 
shrouds,  or  baffles  direct  the  tlow  of  air  to  the 
cylinders.  Cooling  fans  are  used  to  increase  the 
volume  of  air  circulating  around  the  cylinders; 
this  also  inct'^^ases  the  speed  of  the  air  passing 
the  cylinders.  [ 

Maintenanbe  '  of  the  cooling  ^system  of 
air-cooled  cngilfies  consists  largely  of  keeping  the 
parts,  clean  to  permit  rapid  transfer  and 
dissipation  of  heat,  and  making  sure  that 
nothing  interferes  with  the  proper  flow  of  air 
through  the  cooling  system. 

To  acconipliih  this,  keep  the  baflles,  fins, 
shrouds,  .and  fans  free  of  dirt,  grease,  and  other 
foreign  matter.  Periodically  inspect  and  tighten 
thc  slrouds,  baffles,  and  deflectors.  Replace  or 
straighten  broken  Ar  IxMit  parts. 

^'liquid  cooling  SYSTEM 

,1      Nearly   all  multicylindcr  engines  used  in 

f automotive,  construction,  and  weight  handling 
equip.  :ient  use  n  liquid  cooling  system.  Any 
^liquid  used  in  this  type  of  .system  is  called  a 
y  coolant. 
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— — In-most  liquid  cooled  engines,  waste  heat  is . 
reiTioveld  by  the  coolant  circulating  through 
holiow  passages  surrounding  the  hottest  parts  of 
the  engineyHeat  first  flows  into  the  coolant 
while^the  abolant  is  being  pumped  through  the 
passages!  of  the  cylinder  block  and  upMnto  th^ 
cylinder  head.  The,  coolant  then  moves  on 
through  similar  passages  in  the  head,  pickrs  up - 
more  heat  as  it  cuculates,  and  finally  leaves  the 
engine  through  an  outlet  at  the  top. 

After, leaving  the  engine,  the  coolant  passes 
through-aH'-^per-hose-eminecticrrr 
the  heat  info  a  radiator.  As  the  iGoolani  liows 
down  through  the  radiator,  the  heat  is  tciuo\\\'. 
by  a  stream  of  air  forced  through  the  radutor, 
by  'the  action  of  a  fan  only  in  stationary  engiiies, 
and  by  both  the  fan  and  forward  niotion  in 
vehicles.  •      ,  * 

From  the  bottom  of  the  rjidiator,  tJie 
coolant  tlows  through  a  lower  hose  connection 
to  the  pump  where  it  is  again  forced  into  the 
cylinder  block  and' repeats  ihe  cooling  cycle, 
removing  more  heat  from  the  engine  and 
carrying  the  heat  into  th^radiator.  •  ,  ^ 

Water  Jacket 

The  water  passages  ui  the  cylinder  block  and  ' 
cylinder  head  form  the  engine  water  jacket.  (See 
ilg.  6-24.)  In  the  cylinder  block,  the  water  jacket 
completely  surrounds  all  cylinders  along  their 
fiill  length.  Within  the  jacket/narrow  passages 
are  provided  between  the  cylinders  for  coolant 
circulation  around  them.  In  addition,  Vv^ater 
passage's  are  provided  around  the  valve  seats  and 
other  hot  parts  of  the  cylinder  block.  In  the 
cylinder  head,  the  water  jacket  covers  the 
combusyon  chambers  at  the  top  of  the  cylinders 
and '  c^fkains  passages  around  the  vah'c  seats 
when  the  valves  are  located  in  the  head. 

the  pas,sages  of  the  water  jacket  are  designed 
to  control  circulation  of  coolant  and  to  piovidt: 
proper  cooliiig  throughout  the  engine. 

Water  Pump  '  > 


Water  pum^.N  jre  usually  located .  on  th»' 
front  or  side  of  the  engine  block.  They  receive  , 
ccqlant  from  the  bottom  of  the  radiator  and" 
force  it  through  the  water  jacket  into  the  top 
radiator  tank. 

"  ,The  water  pump  (fig.  6-25)  is  a  ccntrifugai 
type  pump,  having  an  impeller  with  vanes  which 
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Fic^re  6|^4.— Water  cooling  system  showing  water  jacket. 
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force   the   coolant  outward  as  the  impeller 

rotates.  The  impeller  is  Ipcated  in  a  pump 
,  housing  and  is  mounted  on  a.  shaft  which  runs 
\  on  one  or  mort:  bearings.  The  shaft  is  driven  by 
:  the  engine  through  a  belt  or  a  shaft.  The  fact 

that  the  impeller  submerged  in-the  coolant. 
'  but  is  driven  from  outside  of  the  cooling  system, 

creates  the  problem  of  sealing  the  impeller  shaft  ' 

against  leakage. 

V     For  different  cooling  systems,  pumps^vary 
^considerably  in  construction  of  seals,  bearings, 
mounting,  and  drive.  . 

It  is  usually  easier  to  remove  the  water  pump 
if  the  radiator  has  fi^st  been  removed.  Loosen 
the  fan  belt  and  remove  the  studs  holding- the 
water  pump  to  the  block  and  cylinder  head. 
When  replacing  the  waler  pimip,  use  ii  new 


■  Fan  and  Shroud 

The  engine  fan  is  usually  mounted  on  the 
.  n(i  rA  tl)e  water  pump  shaft  and  is  driven  by  the 
same  It  that  drives  the  pump.  The  fan  provides 
L  powerful  draft  of  ilrr  through  the  radjjtor. 
Some  applications  are  equipped  with  a  fan 
shroud  that  impr'ov\*s  fan  peiformahce.  This 
\ assures  that  all  the  air  pulled  hack  by  the^fan 
passes  through  the  radiator.         .     .  ' 

Fan  blades  arc  often  spaced  'at  unequal, 
'  distances  around  the  fan  hub  to  lessen  vibration 
-and  noise.  Thev  are  of<en  cliricd  :'t  the,  tijVto 
increase  their  "ability  to.  move  air.  kxcept  frr 
diffeiences  i;  location  aroiuul  the  hub.  it  m 
be  assumed  ihat  all  blades  should  have  the  sanV' 
pitch  and  angularity. 

'  Bent  fan  blades  are  very  common  and  result 
in  noise,  vibration  and  e.^ccss  wear  on  the  fan 
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Figure  &  25.-Water  pump. 


sIiafK  aiu'l  inclTiLicncy.  Make  it  a  practice  lo 
visually  iiispcct  tiic  laii  blades,  puilcys.  aiul  drive 
^      belts    at     every     preventive  maintenance 
inspection.  '  - 

Coolint!  Tans^  absorb  a  consi^ler;ible  ainmint 
of  tlie  cngjpj  po*wci\  partic vilariy  iil^UiiU  speeds. 
TlKTm()statlcail\  controlled  fricticin  deviccN'are 

•  beinu  .  d  on  some  inst:Jlations  to  slow  down 
or  cut  r  the  Ian  at  lii^zii  eniiine  speeils  or  when 
the  enu^nc  is  cold. 

Rc'idiator 

The"  usual  ladiatxH'  asscnd^iy  consists  iM  a 
radiator'core  with  a  top  tank  and  a'botloni  tank. 
The  top.  or  inlet  tank,  contains  an  out^idc  pipe' 

•  called  the  raiiiator  inlet  and  usually  has  a 
coolant  batlle  inside'and.  above,  or  at  the  inlet 
opeiiinii.    ■  ic  i-.idiator  tiller  neck  is  jjcnerally 
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Figure  6-26.-1  ubular  radiator  core  construction. 


attached  to  the  upper  part  of  the  top  tank  and 
has  an  outlet  to  the  overflow' pipe.  The  bottom 
tank  also.  Iku'  an  opening  which  is  called  the 
radiator  outlet. 

Practically  all  coolinii  systems  have  tubular 
radiator  cores  (I'iii.  6>:0)  which  consist  of  a  large 
number  of  vertical  tubes  and  many  horizontal 
air  fins  around  the  tubes  Water  passMges  in  the 
tubes  are  usually  very  narrow<  and  the  tube.itself 
is  made  of  a  very  thin  metal. 

riiroLigh  tlie  water  tubes,  the  How  of 
coolant  is  divided  into  many  small  streams 
which  cause  a  small  amount  of  ccjli::-^  to 
bt  exposed  to  :a  '  coinparativcly  large  cooling 
:'.'rfac':\  This, results  in  raiiuM'iow  of  heat  from 
the  coolant  to  tlie  tubes  and  air  fins.  Heat  is 
carried  away  from  the  lubes  and  fins  by  the  air 
moving  through  the  core. 

\\}  remove  Mhc  radiator,  first  remove  the 
inlet  and  outlet  r:itiijtor  hoses.  Next  remove  the 
radiaior  cover,  if  it  «is  firted  with  one.  and 
removi^  tlie  bolts  h<  Iding  the  radiator  lo  its 
Irame.  The  radiator  can  no'^v  be  lilted  out.  Be 
careful  not  to  punctur--  the  core, 

Ct^nneclions  niusi  be  .provided  to  carry 
water  iVom  the  cngmc  water  Jacket  to 
Miliator.  and  fronv.-the  nidiator  back  t(j 
engine.  Vibration  and   nuncincnl  between 


the 
the 
the 
the 


radiator  aiul  the  engine  would  cause  breakage  of 


16 


\ 


ERIC 


v.AVIATION  SUPPORT  EQUIPMFN^  ThCHNIClAN  M  3  &  2" 


metal  pipe.  For  this  reason  >  flexible  hose  is  used 
for  radiator  connections.  Sometimes  pieces  of 
pipe  arc  placed  bet\yeen  sect  ions  of  hose  \^^e^^^^ 
the  connections  are  long. 


Radiator  Pressure  Cap 

The  radiator  pressure  cap  (fig.  6-27)  is  used 
on  nearly  all  modem  engines.  The  pressure  cap 
closes  off  the  overflow  pipe  and  prevents  loss  of 
coolant  dqring  normal  operation.  It  also  allows  a, 
certain  amount  of  pressure  to  develop  within  the 
cooling  system.  Th5  pressure  raises  the  boiling 
point  of  the  coolant  and  permits  the  engine  to 
opei-ate  dt  high  temperatures  without  loss  of 
coolant  from  boiling. 


The  pressure  cap  contains  tvi(o  spring-loaded 
valves.  The  largef  valve  is  called  the  pressure 
valve,  and  the  smaller  one  is_caIledJhe  vacuum 
valve.  A  shoulder  *in  the  radiator  filler  neck 
provides  a  seat  for  the  bottom  ,  of  the  cap 
assembly,  and  a  gasket  on  this  Teat  prevents 
leakage  betwe^^n  the  cap  and  the  filler  neck. 

The  pressure  valve  acts  as  a  safety  valve  to 
relieve  extra  pressure  within,  the  system.  .The 
cooling  system  may  be  d_esighed  to  operate  at 
various  pressures-4  to  17  psi,  depending  on  the 
manufacturer's  specifications.  The  pressure  valve 
in  the  cap  is  preset  by  the  manufacturer.  When 
replacing  a  pressure  cap,  make  sure  to  use  a  cap 
with  the  proper  pressure  setting  which  is  usually 
marked  on  the  top  sufface  oi  the  cap. 

/ 
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Figure  6-27.— Pressure  radiator  cap. 
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The  vacuum  valve  opens  only  when  the 
pressure  within  the  cooling  system  drops  below 
the  putside  air  pressure  as  the  engine  cools.  This 
automatic  attion  of  the  vacuum  valve  prevents 
collapse  of  hose  and  other  thiii-walled  parts  of 
the  cooling  system.  \^ 

Thermostat  ^ 

The. function  of.  the  thermostat  (fig.  6-28)  is 
to  automatically  control  the  amount  of  iieat 
removed  from  the  engine  for  different  operating 
conditions  and  air  temperatures. 

The  thermostat  is  a  heat  operated  unit  which 
controls  a  valve  between  the  water  jacket  and 
the  radiator.  Attaciied  to  the  valve  is  a  Hcxible 
metal  bellowsj  which  is  expansible  and  contains 
a  volatile ^iquid  or  gas. which  creates  a  pressure 
when  heated  and  opens  tiie  thermostatic  valve. 
As  the  engine  warms  up,  the  valve  opens  slowly 


GASKET  '^-'^...5^^^^'^^^ 
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Figure  6'28.-Thermostat: 


and  allows  the  water  to  circulate.  It  is  fully 
op'en  when  the  engine  reaches  operating 
temperature.  When-tlMbpngine  is  cold,  the  valve 
stays  closed  and  shuts  off  practically  all 
circulation  to  the  radiator.  Most  cooling  systems 
equipped  with  thermostats  liavc— a  bypass^ 
arrangement  to;  allow  a  little  water  circulation 
when  the  thermostat  is  closed. 

To  replace  a  tlierniostiit,  the  hose  should  be 
removed  from  the  water  outlet  elbow  (fig.  6-28), 
the  elbow  unbolted  from  the  cylinder  head,  and 
the  thermostat; removed.  When  a  thermostat  is 
installed,  ^.use  i  new  gaskets  and  reverse  the 
removing  procedure. 

The  operation  of  a  closed  bellows  type 
thermostat  is  shown  in  figure  6-29.  In  actual 
operation,  tlio  valve  will  'move,  frequently  to 
regulate  the  flow  of  water  to  the  radiOtor  in 
accordance  with  the  variations  in  heat  output  of 
the  engine.  Other  types  of  thermostats  may  be 
operated  by  a  bimetallic  coil  which  exp:inds 
when  heated  and  opens  .the  valve.  As  the  coil 
cools,  it  contracts  and  closes  the  valve.  ; 

Although  a  thermostat  designed  to  open  at 
a  spacificteniperature,  most  thermostats  vary  a 
few  degrees  in  the  temperature  at  which  they 
begin  to  open.  In  addition  they  may  require  a 
temperature  from  20°  to  25°  F  higher  before 
they  are  fully  open.  For  instance,  a  thermostat 
designed  to  open  at  I  50*"  F  might  begin  to  open 
at  any  temperature  between  146°  and.154''.  F 
inclusive.  This  same  thermostat  should,  be  fully 
open  at  170''  to  175°  F. 

Sonfie  vehicles  are  equipped  with  air  inlet 
screens  or  shutters.  They  .jjrc  used  in  cold 
weather  to  help  warm  up  the  engine.  They  have 
no  direct  connection  with  Ihe  cooling  system 
and  are  primarily  for  protection.  However,  they 
may  be  used  to  supplement  the- action  of  the 
thermostat,  and  they  are  operated  either  by 
hand  or  automatically  by  a  thermostatic  device. 
The  shutters  restrict  the  How  of  cool  air  through 
the  radiator  when  the  coolant  is.  below  a 
predetefmined  temperature.  •  " 

To  replace  the  shutter,  unbolt  the  moiinting 
brackets,  disconnect  the  control  cable  or  rod, 
and  remove  the  shutter..  A  new  or  repaired  one 
can  be  installed  by  reversing  this  process 
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THERMOSTAT 
CLOSED 


■  ENGIME 


ENGINE  COLD-VALVE 
CLOSED  BY  THERMO^STAT 
ALLOWS  WAtER  TO  CIRCULATE 
THROUGH  THE  ENGINE  BUT 
NOT  THE  RAD'ATOR. 


THERMOSTAT 
OPEHED 


ENGINE 


RADIATOR 


ENGINE  WARM-VALVE  • 
OPENED  BY  THHRMOSTAX_  • 
ALLOWS  WATER  Tb  CIRCULATE 
THROUGH  THE  ENGINE 
AND  THE  RADIATOR 


RADIATOR 
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Figure  6-29.— Diagram  of  a  thermostst  in  operation. 


Temperature  Gage 

The  engine  temperature  gage  is  made  up  of 
two  prineipai  parts-the  gage  um't  mounted  on 
the  instrument  panel,  and  c  engine  thermal 
unit.  VViien  operated  on  the  principle  of  the 
Bourdon  tube,  the  temperature  gage  is  aetuated 
by  pressure  eonducted  to  it  from  a  bulb,  which 
is  screwed  into  the  water  jacket  of  the  engine. 
The  heat  of  the  water  vaporizes  the  liquid  in  the 
bulb,  and' the  vapors  How  through  a  capillary, 
which  is  a  very  small  tube  connecting  the  bulb 
to  the  gage.  The  greater  the  heat,  the  more  vapor 
given  off;  the  greater  the  pressure,  the  higher 
the  temperature  indicated  on  the  gage. 

When  installing  the  temperature  gage  or 
repairing  other  parts  of  the  engine,  be  careful 
not  to  kink  the  lube  connecting  the  two  units.  . 
Althougli  it  looks  like  an  ordinary  ^'wire.  this^ 
tube  contains  the  fluid  which  transmits 
temperature  readings  to  the  gage  unit  on.  the 
instrument  panel.  A  damaged  temperatjLire  gage 

•  must  be  rc^'ieed  as  a  whole  unit  and  ^'annol  be 
repaired  in  ac  shop. 

Some  V  hides  are  equipped  with  an  electric  . 
temperatu     gage  (fig.  6-30).  The  operation  of 
this  instr  .,  ent  is  similar  to  the  balancing  coil 
type   oil   pressure  indicator.  The  higher  the 

_ie.nnierature,  the  grjeater  JJhiL^aimmLjl^^^   
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through  the  coils  to  the  indicating  unit,  so  that 
the  armature  to  which  the  indicating  needle  is 
attached  i.;  attracted -by  an  increased  magnetic 
field,  which  in  turn  agitates  "the^  needle  to 
register  the  engine  temperature. 

Antifreeze  Solufions 

A  vehicle  operated  in  temperaturei>  below 
32°  F  requires  an  antifreeze  solution  in  its 
cooling  systciu.  Without  this  solution,  the  water 
in  the  cooling  system  freezes  and  sometimes 
results  in  a  cracked  cylinder,  water  jacket, 
cylinder  head,  and  radiator  core. 

A  good  antifreeze  solution  mixes  readily 
\vith  water.  However,  once  it  is  mi.xed  with 
water,  it  tends  to  penetrate  openings  and 
connections  rnOre  readily  than  water..  Upon  the 
first  filling  of  antifreeze  in'  the  winter,  and 
periodically  thereafter,  hose  connections  ihould 
be  checked,  for  tightness  to  insure  that  there  are 
no  leaks.  A  good  antifreeze  is  not  subject  to 
rapid  evaporation,  nor  does  it  corrode  or  rust^ 
the  cooling  system.  Most  antifreeze  conipounds 
contain  a  rust  and  corrosion  inhibitor.  Without 
an  inhibilor  in  the  solution,  rust  and  corrosion 
clog  radiators  and  cause  water  cooled  engines  to 
overheat.  
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ENGINE  UNIT  IS 
IMMERSED  IN 
ENGINE  COOLANT 
RESISTANCE  OF 
"t/NIT  DECREASES 
WITH  HEAT 


IGNITION 
SWITCH 
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Figure  6-30.— Circuit  diagram  of  an  electric  temperature  gage 


ic  ^emi 


All   antifreeze   solutions  require  periodic 
checks  and  must  be  renewed  when  tests  show, 
that  they  will  not  give  the  required  protection 
against  freezing. 

Hydrometers  are  used  for  testing  :  ntifreeze 
solutions.  They  usually  come  with  instructions 
for  their  use!  Their  principle  of  operatio.i  is 
based  on  the  fact  that  the  specific  gravity  of  the 
solution_in--the--coQling  system  varies  with  the 
temperature  at  which  the  solution  freezes.  Tests 
are  made  by  drawing  a  sample  of  the  solution 
from  the  radiator  with  the  hydrometer  suction 
bulb.  The  temperature  of  the  solution  is 
matched  witfi  the  specific  gravity/,  and  -i 
conversion  table  on- the  hydrometer  indicates 
the  teniperature  at"  which  the  solution  will 
freeze.  • 

Antifreeze  solutions,  even  the  so-called 
permanent  types,  are.not  recommended  for  use 
beyond  one  season;  furthermore  it  is 
recommended  that  different  types  not  be  mixed. 
Usually  when  one  type  hai*  been  mixed  with 
another,  there  is  no  way  of  knowing  the 
temperature  at  which  the  mixed  solutions  will 


freeze.  Another  danger  is  that  their  ingredients 
sometimes  react  cTiemicaliy  ,and  cause  a 
corrosion  in  th*:  coo^-.ng  system  and  a  foaming 
that  fortes  ,  quantities  of  .the  liquid  from  the 
ndiator. 

Service  and  Maintenance 
of  Cooling  System 

How  often  the  cooling  system  should  be 
flushed  and  cleaned  depends  on  the  existing 
instructions.  It  should  be  done  at  least  twice  a 
year,  and  it  may  have  to  be  done  at  each 
preventive  maintenance  inspection.  It  is 
necessary  to  prevent  excessive  accumulations  of 
rust  and  other  corrosive  deposits,  which  in  time 
could  damage  the  radiator  passages. 

'  -Begin  the  flushing  procedure  by  opening  tlic 
drain  cocks  (fig.  6-31)  and  allowing  the  waterta 
flow  out.  Refill  the  systcMi  with  new  water,  to 
which  an  approved  cleaning  compound  has  been 
addetJ.  The  various  types  of  cleaning  compound 
availat)le  for  loosening  rust  and  scale  ,  in  a- 
radiator  should  be  used  only  in  accordance  with 
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the  manufacturer's  instructions.  Then -run ;  the 
engine  for  at  least  one-half  hour  after  it  reaches 
operating  temperature.  Drain  the  radiator  again, 
refill  once  laore  with  water,  and  run  the  en^^ine 
5  minutes  more.  After  draining  this  water,  refill  * 
the  radiator,  adding  a  rust  preventive  and,  if  the 
weather  ^requires  i^  antifreeze  solution.  The 
addition  of  rust  preventive  is  recomuicnded 
especially  when  filliug  the  cooling  system,  of  a 
new  engine  tor  ih^  first  time.  If  the  radiator  is 
not  clean  af.er  flushing,  remove  it  from  the 
vehicle  and  ti,ke  it  to  the  shop  for  cleaning. 
^  Wliile  cieanins*  and  flushing  the  cooling 
_.i>ri^emr also  clea;:  out^the  radiator  air  passages 
of  insects,,  dirt,  and,  other  foreign  matter  by 
blow?n^^  ther  1  out  with  compressed  air.  Be 
carefu;  in  uving  tht  conipressed  air  apparatus, 
because  sudden  bursts,  of  air  may  damage  the 
coohng  systc;n  or  other  engine  parts. 

When  servicing  the  cooling  system  check  tlic 
condition  of  the  hose  nnd  all  hose  connections. 
If  there  .je  bad  leaks  at  connections/or  if  the 
hose  collapses  when  grasped  with  the  hand,  it 
shouM  be  replaced.  ^ 

*  \  water  hose  can  be  rlMnoved  by  loosening 
the^  clamps,  and  with  the  Ivngers  or  water  pump 
phc-rs  rotate  the  hose  to  loosen  it  and  make  it 
easy  to-slTp-off— rPthc--hosc  isiroz^crr  on  "it^^ 
need  to  be  cut  off  in  order  to  removv  it.  Clean 
the  surface  where  the  hose  fits  before  [Hiirmg  on 
the  new  hose.  If  the  clamps  are  in  good 
conciition,  thoy  may  be  reused,  otherwise, 
replace  them.  / 

In  replacing  hoses,  be  sure  that  they  are  of 
*'f:  proper  length  and  diameter.  The  dituneter 
(inside  dimension)  is  usually,  marked  on  the 
outside  of  the  hose.  Never  use  shellac  to  sea!  a 
leaking  hose  except  in  an  emergency. 

An  overheated  engine  is  eysy  to  recogni/e  by 
the  temperature  gage  reading,  radiator  boiling  or 
steaming,  or  by  the  knocking  and  laboring  of  the 
engine^Tiie  probable  cause  is  insufficient  water 
iiTlhe  system,  a  defective  thermostat,  defective 
'lircssure  cap,  slippiiig  fan  belt,  or  a  partially 
clogged  radiator. 

Jrf  the  engine  has  a  tendency  to  overheat  or. 
">to  run  below  the  normal  operating  temperature, 
check  the  thermostat  as  a  possible  cause  of 
trouble.  Rj^rnovc  the  thermostat  and  suspchd  it 
in  a  pajiJ)f  water  in  which  a  therihomctcr  also  is 
-suspended.  Heat  the  water  and  observe  whether 
tiK  thermostat  opv:os  near  the  tempotaturc^t 


which  it  is  designed  to  open.  If  it  does  not,  the 
trouble  has  been  located— the  thermosl^tit  must 
be  replaced.  '  .    '   "  .  . 

An  overheated  engine  may  also  Jbe  caused  by 
trouble  at  various  other  points  in  the  cooling 
^    system.  F^ure  6-31  shows  where  to  look  for 
trouble  and  indicates  defects  which  may  be 
found.  ,^ 

Before-  adding  water  to  an  overheated, 
'engine,  let  the  engine  cool  .sufficiejitly  to^ 
prevent  the  possibihty  of  cracking  the  cylinder 
block  or  head.  Cracking  is  caused  by  the  sudden 
contraction  of  the  metal.  In  refilling  the 
•  'radiator,  pour  the  wate.r  in  slowly  while  the 
engine  is  running.  -        ,  « 

Water  leaks  can  be  detccted^  by  insi)ecting 
the  radiator  joints,  hose  connections,  and  other 
p:ij*ts  of  the  system  wircre  leaks  caii^  occur,  and^^ 
by  obser\'ing  the  space  under  yo^fr j^iarkcd 
ecjuipment  for  wet  spots.  Small  radiator  leaks 
can  be  repaired  by  a  sp  cial  sealing  compound 
which  is  added  to  the  v.  .iter  in  the  radiator.  If 
the'  radiator  leaks  "badly,  remove  it  from  j|^ie 
vehicle  and  solder  the  leaking  spots.  Soldering 
instructions  are  given  in  Tools'  and  Their  Uses, 
NAVEDTRA  10085  (Series).  ^  ^ 

Water  leaks-may  occur  at  any  joint  be'tween 
:  thc^c^lin d er^hcad"  aird~tlre~e  ng  i  nir  b  I  o c krTliese 
leaks  .can  be  seriousNlf  not  found  promptly, 
"  welter  may  find  its  way  inta  the  engine  crankca.se 
and  tbrm  a  sludge  that  wu1^  cause  lubrication 
troubles.  Tighten  cylinder  head  bolls  to  stop 
tfese  leaks.  By  using  a  torque  wrench,  proper 
and  uriiform  pressure  can  be  applied  in 
tightening  all  bolts, ^and  warping  and  distortion 
of  the  cylinder  head  can  be  prevenUul. 

The  fact  that  all  connections  in  the  cooligg 
system  look  tight  and  .secure  does  not 
necessarily  mean  that  there  are  no  ]e:rks.lt  may 
be  g  tting  air  from  a  very  tiny  leak  which  could 
.  speed  up  corrosion  and -rust.  To  check  for  air 
leaks,  attach  a  hose  to  the  overtlow  pipe  and  piU 
the  lower  end  uf  th\}  hose  into  a  container  of 
water.  If  bubbles  appear,  they  are  a  sign  of  air  in. 
the  aioling  system.  These  bubbles  indicate 
leakage  of  water,  mcluding  the  antifreeze:  in  it. 
Tightening  or  replacing  hose  clamps  aiK. 
\^  connections  is  the  usuaKremedy.  Otherwise,  the 
water  pump  should  b^'^spected  and  checked. 

riiere  is  no  precise  way  to  test  tlie  elTiciericy 
of  the  water  pump.  However,  ibi;  sornc  idea  of 
.we  11 . -  Uie  - J/;^t er^p^>t:^:=^^t|^ftrt-^^^^ 
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squeezing  the  upper  hose  connection  with  your 
hand,  with  the  engine  warm  and  speeded  up.  If 
pressure_is_felt,  the-pump  is  operating  normally. 
A  defective  water  pump  should^ be  removed  and 
either  repaired  or  replaced,  according  to  shop 
policy.  If  asked  to.  repair  a  watfer  pump,  follow 
the  manufacturer's  directions  for  the  pump  of 
the  particular  vehicle  with  which  you  are 
working. 

Exhaust  gas;  as  well  as  air,  can  leak  into  the 
cooling  system.  Such  a  leak  can  result  in  great 
damage,  because  the  gas  tends  to  unite  with  the 
water  to  form  corrosive  acids.  To  test  for 
exhaust  gas  leakage,  disconnect  the  upper  hose. 


water,  exhaust  gas  is  leaking  into  th.  coolijig 
system.  Installing  a  new  cylinder  head  gasket 
and  tightening  the  head  bolts  u  ually  stop  ihis 
trouble. 

Worn,  loose,  or  slipping  fan  belts  often 
the  cause  of  overheating,  especially  when  the 
engine  is  operating  in  low  or  second  gear.  Excess 
looseness-  or  tightness  can  be  determined  by 
shilling  in  on  the  belt  midway  between  the 
pulleys., The  manufacturer's  manuals  specify  the 
amount  of  slack  that  should  exist. 

If  it  is  necessary  to  adjust  the  fan  belt,  first 

-     ^     7  \   '  ^yP^  of  device  used  to  provide  the 

remove  the  faft  belt  and  the  thermostat,  and^^fan  belt  takeup.  Four  methods  of  adjusting  fan 
partially  drain  the  cooling  system.  Start, the       belts  are  illustrated  in  figure  6-3^   To  avoid 
engine  and  accelerate  it  quickly  a  few.  times.  If       unnecessary  strain  in  the'fan  hub  and  driveshaft 
the  water  level  rises,  or  if  bubbles  appear  in  the       never  adjust  the  belt  too  tightly  The  normal 
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adjustment  of  the  fan  belt  is  1  /2  inch  play  at  the 
. '  longest  span  of  the  belt. 

The  fan  blades  -  should ,  be  checked  for 
alignment.  Proper  alignment'  will  permit  the 
blades  to  turn  without  vibrating  and  will  prevent 
them  from  cutting  the  hose  connections  or 
damaging  the  radiator  Core,  which  are  close  by. 
Each  bl^de  should  turn  in  the  same  circle.  TJiis  is 
checked  by  mQasuring  the  distance  to  the  blade 
tips  fro^n'  a  fixed  point  on  the  engine  block.  If 
necessary,  bend  the  blades  to  obtain  proper 
alignment. 

\      LUBRICATING  SYSTEM 

This  section  explahifc  the  various  types- 
"  engine^  Jubricat^ng  systwiis  and  their 
cort-^ponSifsT^TliiPprimary  function  ^f  engine 
.  lubricaition  is  to -reduce  friction  heUve^^n  moving 
parts.  Lubrication  supplies  a  thin  film  of  oil 
which  '^>re vents  nietal-to-metal  contact,  thus 
greatly  ;  reducing  friction.  ,  The  crankshaft, 
connecting  rods,  bearings,  pistons/piston  rings, 
—^valw-^  stems,    valve    tappets,    gears,  drives 


couplings,  and  bearings  are  the  main  parts  which 
must  be  lubricated  to  guard  against  friction. 

_.  Helping  Lo..J-:ooI  th^.   engine  .  is  anotJier 

function  of  the  lubrication  system.  The  oil  goes 
througli  some  very  hot  regions  in  the  engine,  and 
heat  is  absorbed  by -the  oil,  thus  raising  the  oil 
temperature.  The  heat  so  absorbed  is  carried 
back  to  the  oil  pan,  from  which  it  is  dissipated 

,  into  the  surrounding  air. 

Other  purposes  of  lubricating  oir  arc 
absorbing  "Shocks  between  bearings  and  other 
engine  parts,  forming  a  seal  between  piston  rings 
and  cylinder  wall,  and  helping  to  clean,  the 
engine  parts. 

As  a  shock  absorbing  agent,  oil  around  the 
piston  bearings  and  journals  acts  as  a  cushion 
against  the  jars  they  receive  from  the 
hamnier-Iike  blows  of  the  thrusts  of  the  piston. 

^A  load  jof  as  mucli-as  one  and  a  tiuarter  tons  is 
suddenly  thrown-.upon  the  top  of  the  piston 
when  combustion  takes  place.  This  sudden 
thrust  on.  the:piston  is  carried  through  the  piston 
pin  and  coniiLH:t:iiM  rod  bearings.  Oil  helps  quiet 
the  piston  niovt-nrcnt  and  reduces  the  wear  of  jts 
parts. 

Piston  rings  must  form  a  gastight  seal  with 
.  the  cylinder  walls.  The  lubricating  oil  delivered 
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oji  film  also  provides  lubi-ication  of  the  rings  so 
that  they  can  move  easily  in  the  piston  ring 
grooves  and  pn  the  cylinder  walls. 

As  oil  circulates  through  the  engine," it  tends 
t6^\^ash.off  and  carry  dirt,  particles  of  carbon, 
ajid  other  foreign  matter  into  the  crankcase, 
where  the  larger  particles  drop  to  the-bpttcm  of 
the  pan.  The  oil  filter  removes  many  of  the 
smaller  particles. 

A!l  modern  engines  are  lubricaied  under 
pressure.  The  oil  supply  is  carricd«in  the  oil  pan 
attached  to  the  underside  of  the  crankcase^  from 
which  it  is  dra'vn  up  and  forced  through  a 
n'etwork  of  tubes,  pipes,  ai\d  drilled  passages  by 
the  oil  pump. 

"^QILPUMP 

.  "^nie  oil  pump  is  the  most  important  part  of 
the  liuuiciting  system.  Depending  on  the  design, 
of  the  i^h^nne,  the  pump  is  mounted  cither  inside  * 
or  outside^^he  crankcase.  The  two  types  of  oil 
pumps  gen^^lly  used  •  arfe'  the  .gear  and  the 
rotary! 

fn  the  gear  type  ^un  p  (fif.  6-33),  a  gear* 
driven  by  th«  caaishaj't -^'^ctULtes  "a  companion 
gear.  Oil  is  forced  into  the  pump  cavity  and  - 
^around  -each  gear.  The  action  of  the  lueshed 
gears  creates  a  flow  which  forces  the  oil  around 
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Figure  6-33. —Gear  type  oil  pump. 
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the  outside  of  each  gear.  To  regulate  this 
pressure  the  pump  is  provided  with  a  pressure 
relief  valve.  This  valve  is  a  spring-loaded  ball 
which  rises  when  the  pressure  required  to  force 
oil  to  the  engine  parts  is  reached  and  allows  any  ~ 
excessive  oil  to  flow  back  into  the  oil  pan 
through  an  opened  port. 

The  rotary  "pump  (fig.  6-34),  uses  a  rotor  or 
revolving  device  with  lobes  that. match  similarly 
shaped  depressions  in  an  outer  rotor.  When  this 
pump  operates,  both  rotors  turn  together;  and 
the  spaces  between  them  fill  with  oil,  which  is 
then  forced  out  from  between  the  rolor>j 
through  the  various  oil  lines  to  the  engine  parts 
requiring  lubrication. .  In  the  principle  of  its 
action,  the  rotor  type  is  not  unlike  that  of  the 
gear  type  pump. 

OIL  GAGE  : 

Figure  6-35  shows  the  circuit  through  wliicli 
oil  moves  to  reach  every  moving  part  of  the 
engine.  The  normal  oil  pressure  varies  trom  30 
to  50  pounds  per  square  inch  (psi).  To  maintain 
the  proper  oil  pressure,  an,  oil  pressure  relief 
valve  is  put  into  the  system*  and'an  oil  pressure 
gage  is  provided  on  the  instrument  panel  to 
register  the  operating  nressure.  ilie  oil  pressure 
gage  is  no{  the  same  as  the  oil  level  gage  which  - 
indicates  the  oil  level  in  the  oil  pan. 

The  pressure  gage  is  mounted  on  the 
instrument  panel  of  the  vehicle.  Marked  off  on  a 
dial  i.i  psi,  the  gage  indicates  how  regularly  and 
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-Diogrem  of  a  rotary  typer^dll  pump. 


evenly  the  oil  being  delivered  to  all. vital  parts 
of  the  engine,  and  warns  of  any  stoppages  in  this 
delivery.  Pressure  gages  may  be  mechanical  or 
electrical.  In  the  mechanical  type,  the  gage  on 
the  instrument  panel  is  connected  to  an  oil  line 
tapped  into  the  maiji  oil  supply  passage  leading 
from  the  pump.  The  pressure  of  the  oil  in  the 
system  acts  on  a  diaphragm  within  the  gage, 
ci^sing  a  needle  to  register  on  a  dial.  In  the 
electrical  type,  the  oil  pressure  operates  a  device 
on  the  engine  which  signals  electrically  to  a  dash 
gage.  The  dash  gage  .  then  indicates  the  oil 
pressure-. 

Some  of  the  vehicles  brought  into  the  shop 
will  not  be  equipped  with  an  oil,  pressure  gage, 
but  will  have  electrically  operated  warninjz  lights 
on  the  instrument  panel,  which  flash  on- and 
remain  lighted  to  indicate  abnormal,  oil 
pressures. 

.  The  oil  level  gage  is  a  rod  or  dipstick  inserted 
in  .the  side  of  the  engine  so  that  it  extends  down 
into  the  oil  in  the  oil  pan.  When  it  is  withdrawn, 
the  level  of -the  oir.in  th'*  pan  is  determined  by 
observing  the  point  thd  oil  colimm  has  reached 
on  the  stick  against*^he  markings  empty,  low, 
and  full.  To  assure  ai^^  Accurate  reading,  first 
wipe  the  stick  clean:  replace  it  in  its  socket:  then- 
remove  it  again  tb  ^-^bserve  the  oil  column. 

OIL  FILTERS  AND  STRAINERS 

Strainers  and  -ilters  are  placed  in  the 
lubrication  system  :o  .provide' constanT  cleaning 
of  the  oil  as  it  circulates.  Figure  .6-36  shows  a 
typical  oil  strainer,  such  as  must  vehicle 
manufacturers  hinge  to  the  inlet  of  the  oil 
pump,  It  is  a  fine  mesh  bron/.e  screen  through 
which  the  oil  must  enter  the  pump  I'roni  the  oil 
pan.  riie  str;  nei  keeps  large  dirt  and  sludge 
particles  from  being  drawn  into  the  pump  froTn 
the  oil  pan. 

The  oil  I'ilter  (fig.  6-37)  iVk'cat-d  above  the 
pump  in  the  oil  line.  It  removes. most  of  the 
s  nail  impurities  that  have  not  been  cai.ghl  by 
L/!e  stjjiiincr.  Thus  the  filter  helps  keep  Hie  oil 
clean  and  preverus  entry  into  the  engine  ot^nost 
of  the  very  small  foreign  particles .  that  coiikl 
impair  its  eH  iciency.  ' 

Oil  filters  are  of  two  types  the  bypass  filter, 
which  filters  only  part  of^the  oil  cominu  Hum 

<->iL-i^Li^iiP*  J^.i^  ^^^^  ^^'^^  ^^ow  filter,  whjch 
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Figure  6-35.— Basic  units  and  oil  pas^^ges  of  a  pressure  feed  lubrication  system. 
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filters  all   ihc  oil  in  cnaiiatron.  Tiie  latter 
contains  a  spring-ioaded  yaivc.  which  opens  to 
pass  oil  around  tlic  filter  if  it  should  become 
'clogged  with  foreign  matter. 

Most  engine  filters  are  installed  so  that  the 
oil  can  continue  to  circulate  through  the  engine 
in  ease^the  filter  becomes  clogged.  •  * 

CRANKCASE  VENTILATION  ^ 

There    are    two    'reasons    tor  en'.nkcase 
ventilation  during, normal  operation.  It  removes 
gasoline    and    v,  ter    that    trickle    into  the'' 
crankcase    during   the    normal    process  of 
-combustion;  such  gas  and  water  vvj-iUi^vix  witii 


the  oil  and  form  \\  pasty  sludge  if  allowed  to  ■ 
remain  in  the  crankcase.  Ventilation  also  allows 
the  crankcase  to  breathe  in  order  to  eliminate 
excessive  pressure  in  the  crankcase. 

There  are  two  methods^of  eliminating 
•  gasoline  \md  water  from  the  -crankcase  -the 
nonpositive  method  and  the  positive  method." 
The  nonpositive  method  depends  on  a  breather 
fube.  Air-  flows  past  the-oj)en  end  of  the  tube, 
evaporiiting  the  water  and  the  gasoline**  and. 
removing  the  vajiors  from  the  crankcase.  One 
end  of  u\c  breath  t  tube  opens  int6  tiie 
crankcase  ahove  the  oii  level.  The  other  end 
ext'cnds  do^-n^ilfflrr^fi^-^v^^ 
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Figurej6-36.— Typical  Git  strainer. 


siuTicient  airflow  to  create  a  low  pressure  at  the 
.open, end  of- the  \uh':  (fig.  6-38). ^The  pressure 
^  differentia!  bet^^een  the  crankcase  and  the  open 
end  of  the  tube  is  sufficient  to  force  any  vapors 
out  of  the  crankcase.  Some  breather  tubes  are 
placed  so  that  the  cooling  fan  wlH  ihercasc  the 
flow  of,  air  p/issing  ov.cr  thepi,  increasing  their 


in  the  positive  m?thodj  air  is  drawn  through 
the  engine  by  an  intuke  manifold  vacuum;  or,  in 
other  words,  the  intake  rhanifold  vacuum  drayvs 
air  through  the  crankcase  to  sweep  vapors  out" of 
it^fig.  6-39).  After  pickine  . up  these  vapors  as  it, 
circulates- through  the  crank^ise,  the  air  is  forced 
upward   and,  out  of  the  engine  through  an 
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Figure  6-37.-Oil  filtsr. 
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.through  a  tube  connected  to  ^thc  intake 
lYianifoId.  t      .  / 

To  promote  vaporization  of  volatile 
inipurijties  and  their  removal  from  the;  crankease, 
the  operating  temperature  of  t-iie' engine  should 
Ix^  at  least  JTO°  F.  ^  ' 

I 

OIL  TEMPERATUR&REGULATOR 

The  .orjJemperjitur^egu>ator\fig.  6-40)  is 
used  to  pte^Jent  the"*  tejnpmiture  of  the  oil  from 
rising  t6o  high  in  liot^we^itlicr  and  to  raise  it  in 
coid  starts  in  u^inter.  The^  regulator  i^nit,  whieh 
makes  use  of  the.  water  iti  the  eoolii.g  system  js 
made  up  of  a  core  andta  housing.  The  core, 
through  which  the  oil  eiijeuiates,  is  exposed  to 
the  water  wjiieh  circulate^  tiirough  the  housing. 
As  the  oil  leav^^s  the  reguljitor,  it  is  either  cooL^d 
or  heated,  depending  on  fihe  temperature  of  the 
water-in  the  cooling  syste^r,.  From  the  regulator, 
■  the, 'oil  enters  the  oil  pasi^ages  that, lead  to' the 
engine  parts. 


of 


Soiy^  njtiii^arvi^  vehiclbs  use 
which  Lt)nsists  of  a 
^circulated  by, movement 
"cooling  4v}n.  Tiiis  radiatcr 
passes  to  and  from,  the, 
engine  passages,  acts  only 


an  oil  cooler 
radiat(j)X  through  which  air  is 
tlie  vehicle  and  the 
through  which  oil 
.(ii!  pan  through  the 
tb  cool  the  oil  and  i.s 
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Figure  6-38.— Crankcase  breather  tube. 


not  instrumeHtai  in  increasing  its  tempeiahiiv  in 
coid  weather  uperations. 

OILCIRCULAT^ION 

Now  that  parts  of  the  lubrication  system 
have  ^been  discussed,  the  cjifferent  metnods,^C 
circulating  tlie  oil  through  the  various  engine* 
passages  will  be  explained.  ' 

V\ll  modern  ^engi!:i\:s,  are   lubricated  by 
pressure  system.    1  he  *  systems  most  generally 
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Figure  6-39.— Positive  cranl<case  ventilation. 
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Figure  6-40.-Oil  temper^itu're  regulator  (cooler)w 


combination  splush'  forxfe-fecd,  unci  the  full 
forct>fcL'd.  ' 

In  the  splash  system,  dippers  oiv-  the 
connecting  rods  enter  the  oil  in  the  crankcase 
with  each  revolution  of  the  crankshaft  and 
splash  oii  to  the  upper  parts  of  the  engine.  The 
oil  thus  thrown  upwarc^,'in  droplets  and'  mist 
provides  lubrication  ff>r'  the  valVe  mechanism, 

.piston  pins,  and  oth'er  moving  patts.  The  sphish 
system  is  rarely  found  oh  modern  engines, 
becm^e  its  lubricating  effectrfs  too  uncertain  to 
mcv-t  today^s  heavy  operating  demands.  On  a  full 

-crai^kcasc,  it  coiiKl  nieai>  oveiiubrication  and  a 
wast-:^  of  oil;  while  on^a  partly  fij^d  crankcase.  it 
could  causejnadequato^Tubrirat^^^^  failure  of 
the  engine.  ^  •  ^  ' 

The  force-fi/ed  (or  pressure  \'cil\)  system  (fig. 
(>41)  forces  oil  from  the  crankcase  to  the  main 
bearings,  eamsh^ft  l:)earings;and*^connecting  rod 
bearings.  The^il  enters  a  line  or  a  cH^nhel  from 

Jbji:,^imp,.^and--lheji..ilQAvs."'jx>-/-th4i>--^ 


bearings,  whrch  'in  turn  feed  the  oil  into  drilled 
passages  in  the  crankshaft.  From  these  passages 
it  flows  through  holes  in  the  connecting  rods 
into  the  piston  pin  bearings.  The  cylinder  walls 
are  lubricated  by  the  oil  thrown  off  fromjhe 
connecting  rods  and  piston  pin  bearings. 

rhci^xombination  splash  force-feed  system 
(fig. 6-42')  depends  on  oil  splash  and  pressure  to 
accomplish  engine  lubrication.  The  oil  pump 
forces  oil  under  pressure  to  the  main,  and 
camshaft  bearings  and  the  valve  mechanisms;  but 
the  connecting. rods,  ^he  pistons,  the  piston  pins, 
.and  the  cylinder  walls  are  lubricatt'd  by  dippers 
splashing  oil  into  the  troughs  underneath  then*). 
These  troughs  .are  kept  filled  by  the  oil  pump, 
which  delivers  the  oil  through  nozzles. 

In  the  full  force-feed  system  (fig.  6-43)  all 
bearings,  ^s  well  as  the  pistons  and  piston  pins, 
are  lubricated  by  oil  under  pressure  from  the 
pumji.  Oil.  enters  the  crankshaft  oil  passages, 
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Figure  6-41.— Force-feed  lubrication  system. 
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Figure  6-43.— Full  force-feed  lubrication  system. 


81.118 

Figure  6*42«— Combination  splash  force-feed  lubrication 
system. 


holes  drilled  in  the  connecting  rods,  goes  up 
through  the  rod-  passages  to  the  piston  pin 
bearings,  and  helps  lubricate  both  the  pistgns 
and  the  cylinder  walls. 

SERVICE  AND  MAINTENANCE 
OF  LUBRICATION  SYSTEMS 

Check  the  oil  level  as  previously  directed 
and,  if  necessary,  adu  additional  oil  for  a  full 
gage  or  dipstick  reading.  If  the  oil  feels  gritty  to 
the  fingers^  or  has  no  bod^ ,  it  has  lost  its 
effective  lubricating  qualitiL  In  any  case,  oil 
changes  should  be  made  in  accordance  with  the 
Navy  Preventive  Maintenance  Schedules.  On 
most  equipment  the  grade  and  quantity  of  :hc 
oil  io  be  used  will  bo  found  on  a  plate  or  chart 
in  the  cab.  The  oil  shouid  be  changed  more 
frequently  in  cold  weather  and  in  vehicles 
operated  under  dusty  or  other  very  unfavo  Ic 
conditions.  The  supervisor  will  give  sp  .c 
directions  about  oil  changes  on  such  vehicles. 

Drain  the  oil  only  after  the  engine  has  been 
run  and  is  warmed  up.  This  warmup  period 'will 
thin  the  oil  and  stir  up  the  sludge  and  foreign 
matter  in  the  oil  pan.  Cold  oil  is  thick  and  will 
not  drain  readily,  and  foreign  matter  will  tend  to 
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stick  to  the  sides  of  the  oil  pan  whei^  the  engine 
is  cold. 

Upon  the  supervisor's  instruction,  remove 
the  oil  pan  to  clean  out,  all  sludgy  and 
sedimentary  matter  when  changing  the  oil.  In 
doing  so,  steady  the  pan  with  yo\ir  hand  before 
undoing  the  last  two  nuts  or  bolts,  so  that  it  will 
not  drop  and  be  damaged.  Before  replacing  the  \ 
pan,  install  a  new  oi|  pan  gasket  and  see  that  no 
leaks  appear  after  the  pan  is  in  place  and  new  oil 
has  been  added.  Be  sure  also  that  the  drain  plug 
is  tight,  and  that  the  filler  cap,  through  which 
the  craFikcase  is  ventilated,  is  clean,  Recheck  the 
oil  level  to  be  certain  that  the  oil  column  reaches 
the  full  marking  on  the  dipstick. 

Defective  Oil  Pressure  Gage 

Ordinarily,  low  oil  pressure  readings  may  be 
due  to  thin  or  diluted  oil,  excessive  heating,  an 
improper  grade  of  oil,  or  a  low  oil  level  in  the 
crankcase.  If  no  pressure  shows,  or  if  the 
pressure  is  erratic  even  after  replacing  the  old 
with  new  oil  of  the  proper  grade,  a  defective  oil 
gage  may  be  the  cause.  It  is  usually  better  to 
replace  the  entire  gage  unit  than  attempt  repairs. 

If  the  gage  is  not  defective,  check  the  entire 
outer  surface  for  any  oil  leaks.  Be  sure  that  the 
fastening  screws  of  theybil  pan  are  tight.  A  leak 
in  an  external  oil  line  usually  can  be  repaired  by 
tightening  the  fittingsN:  Get  into  ihe  habit  of 
looking  at  the  ground  o[\avement,  over  which  a 
vehicle  has  been  parked,  for  any  oil  spots  that 
may  indicate  leakage. 

Replacement  of  Oil  Lines 

It  may  be  necessary  for  the  ASM  to  make 
tubing  where  prefabricated  replacement  tubing 
is  not  available.  Using  the  old  tubing,  measure 
the  length,  and   allowing   added   length  for 

/inaccuracies  in  measuring,  cut  the  tubing  to 
desired  length.  Use  a  tube  cutter  or  a  fine 

.toothed  hacksaw.  After  the  cut  is  completed, 
remove  all  burrs  inside  and  outside,  and  clean 
the  tube  to  make  sure  no  cutting  or  foreign 
particles  remain  in  the  tube.  Next,  bend  the  tube 
to  desired  shape.  The  objective  of  tube  bending 
is  to  obtain  a  smooth  bend  without  flattening 
the  tube.  Aluminum  or  copper  may  be  bent  by 
hand  if  the  bend  can  be  distributed  over  a  large 


enough  length.  If  the  bend  must  be  short  a  tube 
bender  must  be  used. 

When  the  tube  is  cut  to  the  correct  length 
and  bent  to  the  desired  sTiapft,  the  ends  are  next 
flared  if  flared  connections  are  to  be  used.  A 
hand  flaring  tv.ol  (fig.  6-44)  can  be  used  for  this 
purpose.  This  tool  consists  of  a  fiaring  block  or 
grip  die,  a  yoke,  and  a  plunger  or  fiaring  pin. 
Tlie  grip  die  consists  of  two  steel  blocks  hinged 
at  one  end  and  held  in  alignment  by  a  pilot  pin. 
A  number  of  countersunk  holes,  varying  in  size 
to  conform  with;  tube  diameters  and 
coifntersink^  matching  standard  fiare  angles  and 
radii,  are  provided  witli:h;^lf  pf  the  hole  in  each 
block.  The  yoke  fits  over  tHe  two  halves  of  the 
grip  die  and  has  a  setscrew  used  to  lock  the  yolce  ^ 
in  the  desired  position.  The  yoke  also  serves  as  a  * 
centering  guide  fc-  the  .plunger.  The  plunger  is 
tkpered  to  the  same  angle  as  the  countersunk 
holes  in  the  grip  die. 

To  fiare  the  end  of  the  tube,  slip  the  fitting 
out  and  sleeve  onto  the  tube  and  place  the  tube 
in  the  proper  size  hole  in  the  grip  die.  The  end 
,  of  the  tube  should  extend  1/64  inch  above  the 
surface  of  the  grip  die.  Center  the  plunger  over 
the  end  of  the  tube  and  tighten  the  yoke 
setscrew  to  secure  the  tubing  in  the  grip  and 
hold  the  yoke  in  place.  The  flare  is  mude  by 
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Figure  6-44.— Tube  flaring  tool. 
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striking  the  plunger  several  light  blows  with  a 
hammer  or  mallet.  Turn  the  plunger  half  turn 
after  each  blow  and  make  sure  it  seats  properly 
before  removing  the  tube  from  the  grip  die. 
After  completing  the  tlare,  inspect  to  see  that  no 
cracks  are  evident.  Be  sure  that  you  have  put  the 
connection  on  the  tube  before  flaring  or  you 
will  hav^  to  cut  off  the  flaring,  place  the 
connection  on  the  tube  Md  make  another 
flaring,  (Tools  and  Their  Use^  NAVEDTRA 
10085  iflieries))  covers  the  basic  concept  of 
tlaring. 

Defective  Oil  I^imp 

Persistent  low  pressure  readings  or  a  zero 
reading  could  point  to  trouble  in  the  oil  pump. 
While  a  complete  failure  of  the  oil  pump  is  rare,  - 
any  wear  of  its  moving  parts  is  likely  to  impair 
its  efficiency.  If  an  attempt  is  to  be  made  to 
repair  the  puinp,  follow  the  manufacturer's 
specifications  and  instructions.  However,  the 
policy  of  tite  shop  may  be  to  replace  rather  than 
repair  a  defective  oil  pump. 

High  pressure  readings  may  be  observed 
wliile  the  engine  is  warming  up  in  cold  weather, 
before  the  oil  has  reached  operating 
temperature.  After  a  brief 'warmup  period,  the 
gage  indicator  should  return  to  normal.  A 
persistent  high  pressure  points  to  the  possibility 
of  a  clogged  oil  line  or  a  poorly  operating 
pressure  regulating  valve.  The  latter  trouble  can 
usually  be  corrected  by  installing  a  spring  with  a 
,..-JifJiimittolsi.OiUp  operate  the  valve. 

Changing  Oil  Filter 
Elements 

•  Changing  oil  filter  elements  periodically  will 
be  a  part  of  your  job.  Usually  the  filter  elements 
are  changed  at  the  time  the  oil  is  changed  in  the 
crankcase.  On  new  engines  it  may  be  changed 
(1)  after  the  first  500  or  KOOO  miles;  (2) 
according  to  the  manufacturer's  instructions;  or 
(3)  according  tcfshop  policy.  The  filter  element 
should  be  replaced  by  the  type  recommended  by 
the  manufacturer.  Be  sure  that  the  new  gasket 
under  the  cover  is  properly  fitted,  and  that  there 
are  no  oil  leaks.  Always  check  these  points 
immediately  after  starting  the  engine. 

In  replacing  the  filter  element,  remove  the 
drain  plug  from  the  bottom  of  the  housing. 


Next,  remove  the  cover  by  loosening  the  center 
bolt  or  clamp!  Now  lift  out  the  old  element,  and 
wipe  the  inside  of  the"  housing  with  a  clean 
cloth.  Some  filter  housings  do  not  have  drain 
plugs.  Therefore,  first  remove  the  cover;  next 
remove  the  filter  element  and  take  out  the  dirty 
oil  with  a  siphon  gun;  and  then  wipe  the  inside 
of  the  housing  with  a  ^lean  lintless  cloth. 
Remove  all  traces  of  dirt  or  lint  which  renfain 
inside.  Install  the  new  element.  Finally,  replace 
the  drain  plug  and  the  cover,  using  a  new  gasket, 
or  just  the  gasket  and  cover  on  filter  housing 
v/ithout  drain  plugs.  ' 

On  the  type  of  fil.ter  that  does  not  have  a 
replaceable  element,  disconnect  the  oil  lines  to 
the  old  filter,  dismount  the  filter,  install  the  new 
one,  and  reconnect  the  oil  lines, 

GOVERNORS  • 

The  speed  and  the  power  output  of  an 
engine  are  determined  by  the  combustion 
process  in  the  cylinders.  Since  combustion 
depends  upon  air  and  fuel,  the  speed  and  output 
of  an  engine  can  be  controlled, by  regulating  the 
amounts,  of  air  and  fuel  supplied  for  the  ° 
combustion  process. 

In  diesel  engines,  a  varying  amount  of  fuel  is 
mixed  with  a  constant  amount  of  compressed  air 
inside  the  cylinder.  A  full  charge  of  air  enters 
tho  cylinder  during  each  intake  event.  Since  the 
quantity  of  air  admitted  is  constant,  combustion 
and,  in  turn,, speed  and  power  output  are 
controlled  by  regulating,  the  amount  of  fuel 
injected  into  the  cylinders. 

CONTROL  OF  ENGINE 
SPEED  AND  POWER 

In  a  .gasoline  engine,  speed  and  output  are 
ccyjtrolled  by  regulating  the  amount  of  air 
flowing  into  the  cylinders  of  vthe  engine.  The 
carburetor  is  designed  to  measure  the  airflow. 
Tile  amount  of  air  and  its  velocity,  in  turn, 
control  the  quantity  of  fuel  with  which  the  air  is 
mixed  before  the  mixture  enters  the  cylinders. 

The  quantity  and  velocity  of  air  flowing  into 
the  cylinders  is  controlled  by  the  throttle  valve. 
By  operating  the  valve,  more  or  less  air  to  the 
engine  .  is  admitted,  and  the  carburetor 
automatically  supplies  the  gasoline  necessary  to 
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maintain  the  correct,  fuel-air  ratio.  Regul  ition  of 
fuel  or  air  supply  by  manual  throttle  control  is 
adequate  when  engine  speed  and:>  output 
requirc;;iients  remain  rather  constant.  However, 
the  requirements  of  most  engines  used  by  the 
Navy  vary  because  of  fluctuating  loads.  The 
conditions  under  which  towing  equipment 
engines  and,,engine  of  a  generating  unit  operate 
are  exarrtpies  of  fluctuating  loads.  In  towing 
aircraft,  tow  tractors  constantly  tow  heavy  -oads 
one  way.  but  return  with  no  load.  In  the  case  of 
a  generating  unit,  the  demands  for  electricity  are 
variable.  Manual  throttle  controf  is  not  adequate 
to  hold  engine  speed  reasonably  constant  during 
such  fluctuations  in  load.  For  this  reason,  a 
speed  control  device,  or  governor  is  provided  to 
prevent  the  engine  from  overspeeding  and  to 
allow  the  engine  to  meet  changing  load 
conditions. 

The  governor  on  electric  generating  units 
may  be  set  for  the  generating  unit  to  produce  a - 
desired  voltage.  If  the  load  increases  so  that  the 
generating  unit  is  not  supplying  the  desired 
voitage,  the  governor  speeds  up  the  engine  until 
this  voltage  is  produced  and  when  the  demand 
no  longer  exists,  returns  the  engine  to  the  low 
speed  setting. 

RELATION  OF  GOVERNOR 
TO  FUEL  SYSTEM 

Even  though  it  is  not  a  part  of  the  fuel 
system,  a  governor  is  directly  related  to  this 
system  since  it  functions  to  regulate  speed  by 
control  of  the  fuel  or  the  fuel-air  mixture, 
depending  upon  the  type  of  engine.  In  diesel 
engines,  governors  are  connected  in  the  linkage 
between  the  throttle  Snd  the  fuel  injectors.  The 
governor  acts,  through'  the  fuel  injection 
/  equipment,  to  regulate  the .  amount  of  fuel 
delivered  to  the  cylinders.  As  a  result,  the 
governor  holds  engine  speed  reasonably  constant 
during  fluctuations  in  load.  Since  the  speed  and 
the  output  of  a  gasoline  engine  depend  on  the 
amount  of  fuel-air  mixture  available,  governors, 
when  used  on  these  engines,  are  connected  so 
that  they  control  the  amount  of  the  mixture 
flowing  from  the  '  carburetor  to  the  'intake 
manifold.         ^  ' 

Governors  have  aa  adjustment   for  high 
speed,  low  speed,  or  both.  To  test  the  governor, 


use"  a  tachometer  to  determine  if  the  speed^  ' 
conforms  with  the  manufacturer's  spec'.fications. 
To  adjust  or  replace  the  governor  requires  that 
you  consult  and  follow  the  information  in  the 
manufacturer's  maintenance  manual  because  the 
type  of  governor  varies  with  the  engine 
manufacturer. 

Governors,  like  ;  carburetors  and  fuel 
injection  equipment,  seem  some\^hat 
complicated  unless  one  has  a  thorough 
understanding  of  the  construction  and  operating 
principles  of  the  equipment.  As  you  progress 
through  the  ASM  rating,  you  will  acquire, 
through  practical  experience  and  study",  the 
knowledge  necessary  to  understand  the  factors 
which  may  seem  complicated  at  the  present.  For 
the  time  being,  it  is  enough  to  understand  the 
relationship  of  speed-control  devices  to  the  fuel 
system  of  an  engine.  For  this  reason,  the 
information  on  governors  which  is  given  in  this 
manual  is  general  in  nature.  Detailed 
information  on  governors  can  be  found  in  tbe 
maintenance  manual  for  the  engine  on  which  the 
governor  operates. 

SPEED-REGULATING 
GOVERNORS  FOR  DIESEL  ENGINE 

The  type  of  load  and  the  degree  of  control 
desired  determine  the  kind  of  governor  to  be 
used  on  a  diesel  engine.  Since  all  governors  used 
on  diesel  engines  control  engine  speed  through 
the  regulation  of  the  quantity  of  fuel  delivered 
to  the  cylinders,  these  governors  may  be 
classified  finder  the  general  heading  of 
spt-ed-regilmTng  governors.  Governors  used  on 
diesel  engines  may  also  be  classified  in  various 
other  ways,  such  ^s  according  to  the  function  or 
functions  performed,  the  forces  u\ili/,ed  in 
operation,  and  the  means  by  which  the  governor 
operates  the  fuel-control  mechanism.  ' 

Governors  are  designed  to  control  engine 
speed  under  varying  load  conditions.  Since  the 
type  of  load  and  the  degree  of  control  desired 
vary  from  one  type  of  installation  to  another, 
the  primary  function  of  a  governor  depends 
upon  the  requirements  of  a  particular 
installation. 

Some  installations  require  that  engine  speed 
remain  constant  from  a  no-load  to  full-load 
condition.    Governors  c  which    function  to 
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maintain  a  constant  speed,  regard le;^s  of  load,  are 
called  constant-speed  governors.  Governors 
which  maintain  an^  desired  engine  speed 
between  idle  and  maximum  speeds  are  classified 
as  variable-speed  *  goverriprs.  Speed-control 
devices  which  are  designed  to  keep  an  engine 
from  exceeding  a  specified  maximum  speed  and 
from  dropping  below  a  specified  minimum  speed 
are  classified  as  speed-limiting  governors.  (In 
some  cases,  speed-limiting  governors  function 
oniy  to  limit  maximum  speed.)  Some  engine 
installations  require  a  control  device  that  limits 
the  load  which  the  engine  will  handle  at  various 
speeds..  Such—devices  are  cajled  load-limiting 
gov(jmors. 

.  A  governor  may  also  be  designed  to  perform 
two  or  more  of  the  functions  just  listed.  In  this 
case,  the  operating  mechanisms  which  perforhi 
the.  various  functions  are  confibined  in  a  single 
unit. 

SPRING-LOADED 
.  CEN  f  PJFUGAL  GOVERNORS 

In  most  of  th'.'  governors  installed  on  diesel 
engines  used  by  ihe  Navj  .  the  centrifugal, force 
of  rotating  weights  rflybails)  and  the  tension  of 
a  helical  coil  spring  (or  springs)  are  utilized  in 
governor  operation.  On  this  basis,  most  of  the 
governors  jased  on  diesel  engines  are  generally 
called  spring-loaded  ctntrifugal  governors. 

^In  spring-loaded  cep^rij^gal  governors,  two 
forces  cjppose  each  ettier.  (5ne  of  these  forces  is 
the  tension  of  a  spring  (or  springs)  which  may  be 
varied  either  by  an  adjusting  device  or  by 
movement  of  the  manual  throttle.  The  other 
force  is  produced  by  the  engine.  *  Weights 
attached  to  the  governor  drive  shaft  are  rotated, 
,  and  a  centrifugal  force'  is  created  when  the  shaft 
is  driven  by  the  engine,  The  centrifugal  force 
varies  directly  with  the  speed  of  the  engine. 

Transmitted  to  the  fuel  system  through  a 
connecting  linkage,  the  tension  of  the  spring  (or 
springs)  tends  to  increase  the  amount  of  fuel 
delivered  to  {he  cylinders.  On  the  other  hand, 
the  centrifugal  force  of  the  rotating  weights, 
through  connecting  linkage,  tends  to  reduce  the 
quantity  of  fuel  injected.  When  the  two 
opposing  forces  are  equal,  or  balanced,  the  speed 
of  the  engine  remains  constant. 


To  illustrate  how  the*  centrifugal  governor 
works,  assume  that  an  engine  operates  under 
load,  and  that  the  opposing  forces  in  fRe 
governor  are  balanced,  so  that  the  engine  speed 

5  is  constant.  If  the  load  is  increased,  the  engine 
speed  decreases,  itesulting  in  a  reduction  in  the 
centrifugal  force  of  the  flyballs.  The  spring 
tension  then  becomes  the  greater  force,  and  it 
acts  on  the  fuel-control  mechanism  to  increase 

.  the  quantity  of  fuel  delivered  to  the  engine.  The 
increase  in  fuel  results  iiv,an  increase  in  engine 
speed  until  balance  of  the  forces  is^  ajgain 
reached. 

When  the  load  on  an  engine  is  reduced  or 
removed,  the  engine  speed  {increases  and  the 
centrifugal  force  within  the  governor  increases. 
The  centrifugal  pQ?fce  then  becomes  greater  than 
the  spring  tension  and  acts  oh  the  fuel  control 
linkage -to  reduce  the  amount  of  fuel  delivered 
to  the  cylinders.  This  pauses  the  engine  speed  to 
decrease  until  a  balance  between  the  opposing 
forces  is  again  reached  and  engine  speed 
becomes  constant. 

OTHER  CLASSIFICATIONS 
OF  GOVERNORS 

Governors  are  also  classified  according  to  the 
method  by  ^which  fuel-contrOl  mechanisms  are 
regu^ted.  In^some  cases,  the  centrifugal  force  of 
the  rotating  weights  regulates  the  fuel  supply 
directly,  through  a  mechanical  linkage  which 
operates  the  fuel-control  mechanism.  Other 
governors  are  designed  so  that  the  centrifugal 
force  of  the  rotating  weights  regulates  thr^  fuel 
supfjy  indirectly,  by  moving  a  hydraulic  pilot 
valve  which  controls  oil  pressure.  Oil  pressure  is 
then  exerted  on  either  side  of  a  power  piston 
which  operates  the  fuel-control  mechanism. 

Governors  which  regulate  the  fuel  supply 
directly  (through  mechanical  linkage)  are  called 
mechanical  governors;  and  those  which  control 
the  fuel  supply  indirectly  (through  oil  pressure) 
are  called  hydraulic  governors.  Simple  governors 
of  the  mechanical  and* hydraulic  types  are  shown 
in  figures  6-45  and  6-46  respectively. 

Note  that  in  the  illustration  of  the 
mechanical  governor  the  weights,  or  Hyballs,  are 
in  an  upright,  position.  This  indicates  that  the 
centrifugal  force  of  the  weights  and  the  tension 
of  the  spring  aj^e  balanced;  in  other  words,  the 
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Figure  C'45.-Simpte  mechanical  governor. 


/ 

227.39 

Figure  G-AG.-'Simple  hydraulic  governor. 


engine 'is  operating  at  constant  load  and  speed. 
In  the  case  of  the  hydraulic  governor,  the 
X  positions  of  the  parts  indicate  that  the  engine  is 
^responding  to  an  increase  in  load  with  a  resulting 
deci-ease  in  engine  speed.  Note  that  the  weiglits 
tilt  inward  at  the  top.  As  engine  speed  decreases, 


the  spring  tenSon  overcomes  the  contrifugal 
force  of  these  rotating  weights;  When  the  spring 
tension  is  'greater  than  the  centrifugal  force  pf 
the  flyballs.  the  governor ♦machaDism  acts  to 
permit  oil  under  pressure  to  force  the  piston  to 
increase  the-  fuel  valve  opening.  The  increased 
fueT  supply  causes  an  increase  in  engine  power 
output  and  speed.  The  governor  regulates  the 
fuel  supply  so  that  enough  power  is  developed 
to  Handle  the  increase  in  load. 

Hydraulic  governors  are  more  sensitive  than 
those  of  the  mechanical  type.  Also,  the  design  of 
a  hydraulic  governor  enables  a  comparatively 
small  governing  unit  to  control  the  fuel 
mechanism  or  a  large  engine.  The  mechanical 
governor  is  used  more  often  on  small  engines, 
whidi  do  not  require  extremely  close  regulation 
of  tTie  fuel.  Hydraulic  governors  ar6  more 
suitable  to  large  engines,  in  which  more  accurate 
regulation  of  fuel  is  necessary. 

DANGER  OF  EXCESSIVE  ^ 
SPEED 

Engines  which  are 'maintained  in  proper 
operating  condition  seldom  reach  speeds  above 
those  for  which  they  are  designed.  However, 
there  may  be  times  when  speeds  become  too 
high.  The  operation  of  an  engine  at  excessive 
--speeds  is  extremely  dangerpus  because  of  the 
relatively  heavy  construction  of  the  engine's 
rotating  p^^ts.  If  the  engine  speed  is  high, 
enough,  the  high  inertia  and  centrifugal  force 
developed  may  cause  paits  to  become  seriously 
damaged  or  even  to  disintegrate.  Therefore,  it  is 
essential  that  you  know  why  an  engine  may 
reach  a  dangerously  high  speed,  and  how  it  may 
be  brought  under  control  when  too  much  speed 
occurs. 

CAUSES  OF  EXCESSIVE 
SPEED 

In  some  two-stroke  cycle  engines,  lubricating 
oil  may  leak  into  the  cylinders  as  a  result  of 
leaky  blower  seals  or  broken  piping.  Even 
though  the  fuel  is  shut  off,  the  engine  may 
continue  to  operate,  or  even  run  away,  as  a 
result  of  the  combustible  material  coming  from 
the  uncontrolled  source.  Engines  in  which 
lubricating  oil  may  accumulate  in  the  cylinders 
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are  generally  equipped  with  an  automatically 
operated  mechanism  which  shuts  off  the  intake 
air  at  the  inlet  passage  to  the  blower.  If  no  air 
shutoff  mechanism  is  provided  and  shutting  off 
the  fuel  will  not  stop  an  engine  which  is 
oversi  eeding,  anything  vs^hich  can  be  placed  dver 
the  engine's  intake  to  stop  airflow  will  stop  the 
engine. 

Excessive  engine  speeds  more  commonly 
result  from  an  improperly  functioning  regulating 
governor  than  from  -  lubricating  oil 
accumulations  in  the  cylinders.  Stopping  the 
flow  d{  intake  air  is  the  method  used  to  stop  an 
engine  which  is  overspeeding  because  of 
lubricatmg  oil  in  the  cylinders.  The  usual 
method  of  accomplishing  an  emergency 
'  shutdown  or  reduction  of  engine  speed  when  the 
regulating  governor  fails  to  function  properly  is 
to  shut  off  or  decrease  the  fuel  supply  to  the 
cylinders. 

STOPPING  FUEL  SUPPLY 


Shutting  off  the  fuel  supply  to  the  cylinders 
of  an  engine  may  be  done  in  various  ways.  The 
fuel-control  mechanism  may  be  forced  to  the 
no  fuel  position:  the  fuel  hne  may  be  blocked  by 
closing  a  vaTve:  the  pressurcJn  the  fuel  injection 
line  may  be  relieved  by  opting  a  valve;  or  the 
mechanical  movement  of  the  injection  pump 
may  be  prevented.  These  methods  of  shutting 
off  the  fuel  supply  may  be^done  either  raax)ually 
or  automatically.  ;  | 

OVERSPEED  SAFETY  DEVICES  S 

Automatic  operation  of  fuel  and  ;ui  control 
mechanisms  is  accomplished  by  overspted  safety 
devices.  As  emergency  controls,  these  safety 
devices.:dQperate  only  in  the  event  the  regular 
speed  governor  fails  to  maintain  engine  speed 
within  the  rnaximum  design  limit.  Devices  which 
function  to  bring  an  overspeeding  engine  to  a 
full  stop  by  completely  shutting  off  the  fuel  or 
air  supply  are  generally  called  ovcrspced  trips. 
Devices  which  function  to  reduce  the  excessive 
speed  of  an  engine,  but  allow  the  engine  to 
operate  at  safe  speeds,  are  called  overspeed 
governors. 


All  overspeed  governors  and  trips  depend 
upon  a  spring-loaded  centrifugal  governor 
element  for  their  operation.  In  overspeed 
devices,  the'  spring  tension  is  great  enough  to 
overbalance  the  centrifugal  force  of  the  weights 
until  the  engine  speed  rises  above  the  desired 
maximum.  When  an  excessive  speed  is  reached, 
the  centrifugal  fo^ce  overcomes  the  spring 
tension  and  operates  the  mechanism  which  stops 
or  hmLts  the  fml  ora|r  supply. 


"When  a  governor  serves  as  the  safety  device, 
the  actual  operation  of  the  fuel  or  air  control 
mechanism  by  centrifugal  force  aiay  be  brought 
about  directly  (as  in  a  mechanical  governor)  on- 
indirectly  (as  in  a  hydraulic  governor).  In  the 
case  of  an  overspeed  trip,  the  shutoff  control  is 
operated  by  a  power  spring.  The  spring  is  placed 
under  tension  when  the  trip  is  manually  set,  and 
held  in  place  by  a  latch.  If  the  maximum  speed 
limit  is  exceeded,  a  spring-loaded  centrifugal 
weight  moves  out  and  trips  the  latch,  allowing 
the  power  spring  to  operate  the  shutoff 
pechanism.  ^  / 


MALFUNCTIONS 

At  the  beginning  of  this  chapter  it  was  stated 
that  aifr^fuel,  and  ignition  was  needed  for  an 
internal  combustion  engine  to  operate.  When  an 
engine  turns  over.  but-~fails.  to  start  or  run,  an 
investigation  of  the  supply  of  these  three 
necessities  can  often  lead  to  the  trouble.  If  all 
three  are  supplied  to  the  engine  properly,  a  more 
detailed  aiialysis  must  be  made  to  determine  the 
cause.  More  about  malfunctions  of  gasoline  and 
diescl  internal  combustion  engines  appears  in^the 
next  two  chapters  of  this  training  manual. 


INSPE^IlONS 


Inspections  are  conducted  on  aviation 
support  equipment  to  insure  that  the  equipment 
is  operational,  to  determine  what  parts  Should 
be  replaced  in  order  to  prevent  equipment  from 
becoming  inoperative  (preventive  maintenance), 
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and  to  determine  the  extent^* of  repair^^when 
equipment  becomes  inoperative.  The 
preoperational  or  daily,  periodic,  iind  special 
inspections  are  given  in  Maintenance 
Requirement  Cards  (MRC).  This  irtforraation 
also  appears  in  the  Periodic  Maint^6nario^. 
Requirements  Manual  for  the  «quiprfient.,Only 
the  more  complex  aviation  support  equipment 
will  have  the  manual  and  cards  available. 

The  periodic  MRCs  for  the  mobile  electriq 
powerplantr  NC-12A,  gives  changes  in  MRCs, 
purpose  of  inspections,  definition  of  terms, 
work  areas,  reference^piihlications,  special  tools 
and  equipment  needed,  consumable  material  list, 
replacement  parts  list,  and  the  periodic 
inspections  to  be  conducted;  The  inspections  are 
performed  every  100  houps,  300  hours,  500 
hours,  and  1 ,000  hours  of  operation  and  every 
,  13  and  26  weeks  of  the  NC-J2A  being  in  use. 
Figure  6-47  gives  an  example  ohthe  maintenance 
requirement  for^the  JOO  hour  and  1,000  hour 
inspections  of.tJie/crankcase  breather  lines  of  the 

The  c«ktgdiaV-;pf  the  equipment  will 
perform  the  preoperq^tionafor  daily  inspections 
and  the  intermediate  maintenance  activity  will 
perform  the  periodic  inspections.  Where  MRCs 
are  not  available,  .consult  the  manufacturer's 
maintenance  instructions  for  daily  and  periodic 
inspections. 

Most  inspections  to  determine  th^  extent  of 
repairs  are  covered  where  the  equipment  is 
covered  in  this  manual. 

INSPECTION  OF  METALS  .  ' 

It  is  very  important  that  certain  parts  of 
support  equipment  be  checked  for  cracks  or 
other  defects  which  inijhl _qa use  fail ur^^ 
operation.  When  a  metallic  part  is  suspected' of 
having  a  tiny  crack  or  other  invisible  defect,  it  is 
generally  inspected  by  the  penetrant  method. 
Tlic-  penetrant  method  is  a  nondestructive  test, 
meaning  it  is  performed  on  the  part  without 
damage  to  theopart. 


Penetrant  Inspections 

Penetrant  inspection  is  a  tesX  for  defects 
open  to  the  surface  in  parts  made  of  nonpo^-ous 
material.  Penetrant  inspection  depends  for  its 
r 


success  upon  the  penetrating  liquid  entering  the 
surface  opening  and  remaining  in  that  opening, 
'/  making  it  clearly  visible  for  the  operator.  It  calls 
for  visual  examination  of  the  part  by  the 
operator  after  it  has  been  processed,^ with  the 
visibility  of  the  defect  increased  so  that  it  can  be 
detected.  Visibility  of  the  penetrating  material  is 
increased  by  the  addition  of  a  dye  which  may  be 
either  one  of  two  types-visible  or  fluorescent.  ^ 

The  materials  used  in  the  -  visible  dye 
penetrant  inspection  are  available  in  aviation^ 
supply  stock  in'  the  form  .of  a  complete 
inspection  kit.  Included  /in  the  *  kit  are  the 
following  items:  two  spray  c^s  of  penetrant, 
dye  remover— emulsifier,  and  developer.  For 
replenishment  purposes,  Jhese  materials  are  also 
available  as  individual  Items.  The  chemicals  are 
available  in  ordinary  containers  Tor  use  when 
dipping  or  brushing  is  desired. 

'  The  floreScent  inspection  materials  and 
equipment  are  also  furnished  in  kit  form.  The 
complete  equipment  is  contained  in  a  metallic 
^carrying  case.  Included  are  the  following  items: 
penetrant,  penetrant  cleaner,  penetrant 
developer  (both  powder  and  suspension  types), 
dauber  for  applying  powder,  and  black  light 
assembly  complete  with  power  transformer.  The 
chemicals  may  be  replenished  individually  from 
,  aviation  supply  stock. 

The  main  disadvantage  of  penetrant 
inspection  is  that  thq  defect  must  be  open  to  the 
surface  in  order  to  let  the  penetrant"  into  the 
defect.  For  this  reason,  if  the  part  in  question  is 
made  of  material  which  is  magnetic,  the^ 
magraetic  pitrticle  inspection  is  generally 
recommended;  It  is  also  essential  that  there  be 
no  contaminant  within  the  defect  which  might 
~ '  either  prevent  the  penetrant  from  entering  or 

„„red^^    ,  

First  of  all,  the  part  to  be  inspected  must  be 
^  clean.  This  includes  the  rerhoval  of  surface  dirt, 
scale,  paint,  and  oil,  as  well  as  removing  any 
materials  or  compounds  that  might  fill  or  cover 
the  defects.  If  the  part  has  been  in  contact  with 
water,  it  may  *  possible  to  heat  the  part 
slightly  to  evaporate  the  water. 

Penetrant  is  then  applied  to  all  surfaces.  This^ 
may  be  done  by  dipping,  pouring,  brushing,  or 
spraying.  It  is  important  that  all  suspect  areas  be 
wet  with  penetrant.  The  penetrant  must  be 
allowed  to  remain  on  the  part  for  a  period  of 
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CARD 

'  2 


TIME 

00:50 


RTO  ASM 
NO.  1 


100  HOURS 


POWER  PLANT 


CCEC  PWR  N/A 


HYDPWW)M/A 


TASK 
MIN. 


WORK 
AREA 


M0S.6371 
NO  1 


>  PUBLtCATION  NUMBER 
NAVAIR  19-600-41-6-4 


CARD  SET  DATE 

1  July  1969 


CHANOE  NO. 


30.0 


\ 


\ 


10.0 


b. 

c. 
d. 


f. 

9* 
h. 


1.  Power  plant: 

a.  water  pump  and  cross-over  lines  for  evidence  of  leakage. 

generator  and  cooling  fan  belts  for  fraying,  deterioration  and  proper^ 
(3/4''  deflection  midway  between  pulleys), 
generator  for  cleanliness  and  security. 

exhaust  manifold  for  evidence  of  leakage  around  gaskets;  asbestos  covering^! 
excessive  oil  saturation,  deterioration  and  security. 

intake  air  assembly  for  security;  blower  for  evidence  of  leakage  around  gaskets 
and  bolts. 

racker  ami  covers  for  evidence  of  leakage  and.security. 
crankcase  breather  line  for  evidence  of  chafing,  deterioration  and  se^rity. 
air  box  drains  for  obstructions  and  security;  hand  hold  covers  for  evidence  of 
leakage  around  gaskets, 
fuel  pump  for  evidence  of  leakage  and  security, 
cjovemor  linkage  for  full,  free  tfavel  and  security, 
hydraulic  governor  for  evidence  of  leakage  and  security. 


2.  Radiators: 


V 


CARD 

6 


TASK 
MIN. 


45.0 


^0.0 


TIMC 

01K)5 


rXo  asm 


WORK 
AREA 


MOS.63^71 
NO^^LJX 


2,3 


1000  HOURS 


^PUBLICATION  NUMBER 

NAvAiR  19-600-41-6-4^ 


POWER  PL/iNT 


CARD  SET  DATE 

1  J"lv  1<^69 


ELEC  PWR  N/A 


HYP  PWR  N/A 


CHANOE  NO. 


\       CONSUMABLES/REPLACEMENT  PARTS 
Dry  6^ning  Solvent  P-D-680 
Antifreeze/  Ethylene  Glycol  '      -  ^ 


•O-A-548 


1 .  Drain  and  flush  radiators'  and  engine  block;  replenish  system  with  proper  coolant; 
use  ethylene  glycol  below-32*  F  sufficient  for  the  degree^of-protection  required. 

\  ^ 

2.  Remove  crankcase  bniathfer. lines;  clean  with  solvent,  air  dry  and  reinstall. 


227.40 


Figure  6-47.-MRCs  for  NC-12A. 
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time;  called,  the  penetration  tim^.\Tiiis  allows 
the  penetrant  to'  seek  and  fill.  'aU\surface 
openings:  Tfte  length  of  the  penetratioh.  t^ 
varies  with  the  process  and  techniques  usea)sthe 
material  of  which  the  part  is  made,  and  the  type 
of'defecjs  present.  (See  fig.  6-48).  \ 


Figure  6^48.-Penetrant  on  the  surface 
crack. 


195.31 
seeps  into  the 


The  excess  surfaces  penetrant  is  "removed 
from  the  part  by  means  .of  a  ^forceful  water 
spray.  This  operation  does,  not  remove  the 
penetrant  from  deep  defects, "but  does  remove 
the  penetrant  on  the  surface.  (See  fig.  6-49). 

A  developer  ,  is  then  applied  to  the  part 
before  inspection. ^The  function  of  the  cjcveloper 
is  to  blot  back  to  the  surface  the  penetrant  that 
Js  entrapped  in  fissures  or  defects  in  the'^^art. 

Jie  developer  should  be  allowed  to  remain  on 
tli^art  for  a  time  before  inspection  for  defects. 
This\lapsed  time  is  to  allow  the  developer  to 
bring  t\the,  surface' and  magnify  the  traces^of 
penetrant\Some  types  of  defects  in  some  parts 
may  *  be  detectable  without  the  use  of  a 
developer,  .  biit^  for  consistent  and  positive 
results,  current  ^instructions  recommend  that  a 
developer  always  bfekused.  A  drying  operation  is 
necessary  which  inch^ses  the 'effectiveness  of 
the  method  and,  depending  upon  the  lypc  of 
developer  used,  either  dribs  the  wet  developer  or 
prepares  the  p^rt^or  the  application  of  the  dry 
developer.  (See  fig.  6-50.) 


195.32 

Figure  649.-Removing  penetrant  froiti  surfabe  with 
/water  spray,  \\  " 


After   the    proper   developing   time  hass\ 
.  elapsed,  the'  pjirt  is  ready  for  inspection.  If  the  \ 
penetrant  used  has  a  fluorescent  dye  in  it,  the 
inspection  must  be  pejfornied  in  a  darTcened  area 
and  under  black  light.  If  the  penetrant  used  has-  * 
a  visible  dye,  then  inspection  can  be  performed 
under  ordinary  lighting  conditions.  • 

All  :lraces  of  the  developer  should  be 
removed  froui  the  part  before  it  is  returned  to 
service,      '       •■    '      ■  . 

Types  of  Processes 

There  are  thr«ee  acceptable  processes  of 
j-Kijietrant  inspect  iofi*  The  selection  of  a  suitable  y 
probQSS  depends  upba  the  sensitivity  required, 
the  ni^n^ber  of  ^^parts  tc^  be  inspected,  the  surface 
conditiort\pf  the  part,  tt^e  configuration  of  the 
part,  and  •t'he  availabilitjNqf  water,  electricity, 
compressed  aif^^  arid  a  suii^e^  area  for  the 
inspection. 
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.     ^  195.33 
Figure  6-50.-Develcp^^p  drawing  penetrant. 

-TYPE  [--FbUORESCENT  PENETRANT 
INSPECTIO^^— This  process  uses  a  complete, 
water-washab.'e,  fluorescent  ^  penetrant^  This 
penetrant  consists  of  an  oit  base,  which  has 
extremely  high  penetrating  qualities;  tq  this  base 
has  been  added  an  emulsifier  and  a  higlily 
fluorescent  dye.  The  emulsifier  makes  the 
penetrant  water-wajhable,  and  the  dye  causes 
the  material  to  fluoresce  a  brilliant  greenish 
yellow  when  viewed  under  black  light.  Thffre  are 
two;  developers  available  for  use  with  the  Type  I 
process.  For  normal  inspection  purposes,  these 
developers  are  equally  sensitive  and  the  selection 
of  one  or  the  other  depends  upon  convenience 
of  application.  One  developer  is  purchased  and 
shipped  in  a  dry  powdor  form  and  js  mixed  with 
water  to  form  a  suspension  which  can  be  applied 
to  the  part  by  dipping,  spraying,  or  applying 
with  a  brush.  The,  other  is  a  dry  powder 
developer^which  can  be  applied,  to,  the  part  as 
received  either  by  dusting  or  dipping.  ^ 

.  TYPE  II--POST  EMULSIFICATION 
PENETRANT  INSPECTION. -This  process  uses 
a  penetrt^nt  which  has  an  oil  base  t6  which  has  » 
been  added  a  dye  which  fluoresces  brilliantly  - 
under  black  light.  The  penetrant  used  in  the 
Type  II  proces?  does  npt  have  an  emulsifier  in  it. 
Washability  must  be  imparted  to  this  penetrant 
by  the  appljCatipn  of  anj^miilsifying  agent  after 
the  penetration  step.  This  penetrant  has 
extremely  liigh  penetration  qualities  and  will 
enter  the  finest  of  defects.  In  order  to  make  it 


possible  to  ^remove  'the  surface  excess  of  the 
Type  II  penetrant  with  a  water  wash,  it  is 
necessary  to'apply  an  emulsifying  agent  after  the 
penetration  tirne  has  elapsed.  This  emulsifier 
coihbines  with  the  penetrant  on  the  surface  of 
the  part  as  it  unites  with  the  penetrant  makes  it  * 
water-washable.  The"*  sensitivity  of  the  Type  II 

'process  is  in  part,  controlled  by  the  length  of 
time  ^  which  e4apses  betvi^^n  application  of  the 
emulsifier  and  the  removal  pf  the  combined 

.  .emulsifi?.r  and  penetrant.  ^  Variations  in 
technique  make  it  possible  to  detect  not  only 
the  finest  of  deep  cracks  but  also  to  show  up 

.  shallow  scratches  -  and  tool  marks— shallow 
imperfection?  which  are  wider  than  they  are 
;deep.  The^e  shallow  imperfections  are  difficult 

.  or  impossible  lo  detect  with  any  otherpenetrant* 
process.  '  f 

"One  of  the  developers  used  with  the  Type  II  • 
process  is  a  dry  powder.  Since  it  is  made  up  of 
particles  with  a  rather' large  range  jn  size,  some 

.  of  the  smaller  particles  may  float  in  the  air 
unles^  care  is  takeiv  in  applying  the  powder  to 
the  processed  pajp.'  ^ 

wTYPE  .III- VISIBLE  DYE  PENETRANT 
INSPECTION. -This  process^  Mses  a  penetrant 
which^coiisists 'of  a  solvent  base  to.  which  has 
^JjeefTadded  a  visible  dye.  The  dye  penetrant  is  a 
brilliant  ^  red  color  under  ^o.rdjnary  light. 
Inspection  with  this  visible  penetrant,  after  the. 
necessaiy  processing,  is  pjerformed  under 
ordinary  lighting  conditions.     *  • 

*>Type  III  penetrant  process  is  not  suitable  fqr 
use^on  extremely  rough  surfaces  because^  of  the- 
difficulty  in  removing  the  penet/;\nt  from  the 
.surface. 

Removal  of  the  Type  III  pejictrant  from  the 
surface  is  performed  wiping  with  pauper 
towels  or  clean  rags.^  Oli  smooth  surface^^he 
penetrant  may  be  removed,  with  rags  only. 
However,  it  may  be  necessary  to  apply  a/ dye 
cleaner  to  Bid  in  removing  the  penetrant,  and  in 
this  case  it  is  not  advisable' to  fliish  the  surface 
jWith  liquid  cleaner;  instead,  a  cloth  should  be 
dampened  ^with  thcNcleaner  and  the  part  wiped, 
with  Jhe  dampened  cloth.      :  \  ' 

Dye  cleaner  is  a  solvent  base  solution  which 
is  used  for  cleamng  parts  prior  to  the  application 
of  the  *Type  III  penetrant,  and  also  foF  the 
purpose  of  assisting  in  removing  the  ejTccss 
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penetrant  from  the  surface  after  the.  necessary 
penetrating  time.  ^  \ 

Dye  Type  ^Il.jleveloper  is  a  suspension 
having  either-  a  splvent  or  an  alcojiol  base,  which 
is  appHed  to  the  part  after  it  has  been  processed 
with  the  penetrant  and  after  all  excess  surface 
penetrant  has  been  removed.. 

While  the  Type  III  visible  *dye  penetrant 
process  has  the  advantage  ,  of  being  more 
portable  than  Types  I  ajid  II  and  also  requires 
less  equipment^  it  is  sloWcr  than  the  fluorescen't 
process""  because  on  many  parts  it  .is  harder  to 
clean  off  the  stirface  penetrant,  and  thg^cleaning 
is  done  or\  an  area  basis  rather  than  by  overall 
cleaning. 


InterpretingResults  *     \   '  ( 

«  1. 
The  success*  and  the  reliability  ofMhe 
penetration  inspection  -depend  upon  the 
thoroughness  with  which  th^  operate-  prepares 
the  part,  from  the  precleaning  all  the  way 
through  to  the  actual  search  for  indications.  It  is 
not  a  method  by  which  a  part,  is  thrown  into  a 
machine  which  separates  the  good  parts  from 
the  bad.  The  operator  must  carefully  process  the 
part,  search  out  indications,  and  then  decide' the 


seriousness;  of  defects  found  in  order  to 
d  eterrriine  -  f fik  disposition  of  parts  with 
indications.  Some,  of  the  indications  of  defects 
are  shb\vn  in  figure  6-51. 

1 

Penetrant  inspections  are  important  tools  for 
finding  defeats  before  ^those  defects  grow  into 
failures.  As  an  operator,  it  isxip  to  you,  to  get 
,  the  most  out  of  the  metliod  used.       .  ' 
» 

Fluorescent  'indications,  when  viewed  under 
.black  light,  fluoresce  brilliantly,  and  the  extent 
of  the  indication  marks  the  exjtent  of  the  defect. 
Pores,  shrinkage,  l^ck  of  bond,  add  leaks  will 
show  as  glowing  spots;  while  eracks,  laps,  forging 
bursts,  or  cold  slvuts  will  show  as  fluorescent 
lines.'  Where  a  large  defect  has  trapped  ''a 
quantity  ..of  penetrant/  the  indiea'iicais  will 
spread  on  the  surface.  Experience  in  the  use  of 
the  method  (illows  interpretations  to  be  drawn 
from  the  extent  of  the  spread  as  to  the  .relative 
size  of  the  defects.  Grinding  into  certain  defects, 
or  sectioning  and  viewing  under  black  light  will 
rapidly  bGild  up  experience  and  knowledge  of 
the  character  of  defects  lying- below  various^ 
types  of  indications:  For  best  results,  inspt^tion 
sliould  be  clone  in  a  darkened  area.  The  darker 
the  apt!  of  inspection,  *the  more  brilliant  the 
TiJications  will  '  show.  This  1:,  extremely 
)rtant  when  looking  for  very  ^  fine 
:ations.  The  inspection  table  sliould  be  kept 


thc^ 
*  SiJicat 

Inipor 
.  indicat 


^  ^  a,  ~  . 


PITS  OR  POROSITY 


TIGHT  CRACK  (JR 
PARTIALLY   WEllOTED  LAP 


CRACK  OR  SIMILAR 
OPENING 
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Figure  6-51  .c- Types  of  defects. 
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free  of  random  fluorescent  materials.  If 
penetrant  has  been  spilled  in  the  inspection 
area,  on  the  table,  or  thaoperator't.  hands,  it  will 
fluoresce  .brilliantly  and  may  confuse  the 
operator. 

Visible  j  dye  penetrant  indications  appear  as 
red  lines.  As  the  developer  dries  to  a  ^smooth 
white  coating,  red  indications  will  appear  at  the . 
locations  of  -defects.  If  no  red  indications 
appear,  there  are  no  surface  flaws  present.  No 
special  lighting  is  required  for  the  visible  dye 
penetrant  inspection. 

It  is  possible  to  examine  an  indication  of  a 
discontinuity  and  to  determine  its  cause  as  well 
as  its  extent.  Such  an  appraisal  can  be  made  if 
something  is^  known  about  the  manufacturing 
processes  to  which  the  part  has  been  subjected. 
The  extent  of  the  indication,  or  accumulation  jf 
penetrant;  will  show  the  extent  of  the 
disconjtinuity,  and  the  brilliance  will  be  a 
measure  of  its  depth.  Deep  cracks  will  hold  more 
penetrant  and  therefore  will  be  broader  and 
more  brilliant.  Very  fine  openings  can  hold  only 
sfnall  amounts  of  penetrant  and  therefore  will 
appear  as  fine  lines. 

The  most  effective  training  tool  for 
identifying    and    recognizing    defects    is  a 

,  collection  of  parts  with  typical  defects  which 
can  be  referred  to  frequently.  Parts  that  have 
been  rejected  because  of  defects  should  be 
clearly  marked  or  partially  damaged  so  that  they 
will  not  be  confused  with  acceptable  parts. 

.  Unless  the  defects  are  extremely  large,  the 
indications  will  remain  on  the  parts  for  several 
months  or  longer.  If  it  becomes  necessary  to 
reprocess  such  parts,  this  can  be  done;  but  if 
process  I  is  used,  the  sensitivity  may  be  reduced 
somewhat  by  the  contamination  of  the  defect 
with  old  and  possibly  baked-in  penetrant. 
Process  II  (with  post-cmulsification)  docs  not 
have  this  disadvantage  and  parts  can  be  rerun 
with  no  noticeable  reduction  in  sensitivity. 
Visible  penetrants  tend  to  kill  the  fluorescent 
qualities  in  fluorescent  penetrants  used  in 
processes  I  and  II.  Aher  a  part  has  been 
Inspected  using  visible  penetrant  (process  III), 
no  attempt  should  be  made  to  reprocess  using 
fluorescent  penetrant  process  I  or  II.  The  results 


will  not  be  reliable.  In  all  cases,  cle&n  thoroughly 
and  degrease  before  reprocessing.^ 

With  penetrant  inspections  there  are  no  false 
indications  in  the  sense  that  such  things  occur  in 
the  magnetic  particle  inspection.  However,  there 
are  two  c  o  nd  itions  which  may  create 
accumulation  of  penetrant  that  sometimes  are 
confused  with  true  surface  cracks. 

The  first\  condition  is  a  result  of  poor 
washing.  If  ^1  the  surface  penetrant  is  not 
removed  in  the  washing  or  rinse  operation 
following  the  penetration  time,  the  unremovcd 
penetrant  will  be  visible.  This  condition  is 
usually  easy  to  identify  since  the  penetrant  will 
be  in  broad  areas  rather  than  in  the  sharp 
patterns-  found  with  Jrue  indications.  When 
accumulations  of  unwashed  penetrant  are  found 
on  a  part,  thfe  part  should  be  completely 
reprocessed.  .Degreasing  is  recommended  for 
removal  of  all  traces  ot'the  penetrant. 

Another  condition  which  may  create  false 
indications  is  where  parts  are  press-fit  together. 
For  example,'  if  a  wheel  is  press-fit  onto  a  shaft, 
the  penetrant  will  show  an  indication  at  the  fit 
line.  This  is  perfectly  normal  since  the  two  parts 
are  not  meant  to  be  welded  together.  Indications 
of  this  type  are  easy  to  identify  since  they  are  so 
regular  in  form  and  shape. 


TROUB  LESHOOTIN  G 
TECHNIQUES 

Troubleshooting  is  defined  as  a  systematic 
approach  to  isolating  the  cause  of  malfunctions 
of  equipment,  making  use  Of  sound  reasoning 
plus  the  facts  gained  through  the  processes  of 
deduction  and  elimination.  In  other  words, 
troubleshooting  is  needed  only  after  trouble 
starts.  The  processes  of  deduction  and 
elimination  may  be  ba^ed  on  a  basic  and  simple 
visual  inspection  or  on  a  series  of  tests  or  both. 
In  their  more  advanced  form  the 
troubleshooting  processes  involve  the  use  of 
complex  test  equipment  such  as  the  chassis 
dynamometer  or  the  engine  analyzer.  Some  of 
the  troubleshooting  testers  have  been  covered  in 
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chpater  2  of  this  manual.  Most  of  the 
troubleshooting  techniques  for  aviation  support 
equipment  are  covered  in  this  manual  in  the 
chapters  where  the  equipment  is  covered. 


SAFETY 

In  the  performance  of  his  normal  duties,  the 
ASM  is  exposed  to  many  potentially  dangerous 
conditions  and  situations.  No  training  manual, 
no  set  of  rules  or  regulations,  no  listing  of 
hazards  can  make  working  conditions 
completely  safe.  However,  it  is  possible  for  the 
technician  to  complete  a  full  natval  career 
without  serious  accident  or  injury.  Attainment 
of  this  goal  requires  that  he  be  aware  of  the 
main  sour('es  of  danger,  and  that  he  remain 
constantly  alert  to  those  .dangers.  He  must  take 
the  proper  precautions  and  practice  the  basic 
rules  of  safety.  He  must  be  safety  conscious  at 
all  times,  and  this  safety  consciousness  must 
become  second  nature  to  him. 

Navy  Safety  Precautions  For  Forces  Afloat, 
.OPNAVINST  5100.19,  and  Safety  Precautions 
For  Shore  Activities,  NAVMAT  P-5100,  are  the 
guide  lines  for  the  ASM  to  use  in  his  duty  of 
maintaining  and  operating  ground  support 
equipment.  These  are  in  addition  to  other 
directives  concerning  safety  that  are  published 
by  major  commands  on  those  specific  hazards 
and  procedures  falling  under  the  cognizance  of 
those  commands  that  will  affect  the  ASM. 

Equipment  used  by  persofinel  working  in  o 
confined  spaces  is  a  matter  of  considerable 
importance.  Enough  light  should  be  provided  so 
that  the  technician  can  see  clearly  what  he  is 
doing.  The  light  provided  should  be  insulated  so 
that  it  does  not  present  a  shock  hazard 
(confined  spaces  are  usually  quite  warm,  and  a 
.  safety  light  produces  additional,  heat,  so 
perspiration  may  become  a  Serious  problem). 
When  '  possible,  explosion-proof  equipment 
should  be  used  in  confined  spaces,  and 
protective  clothing  should  be  used  if  toxic  fumes 
are  known  or  suspected  to  exist  within  the 
space. 

To  prevent  tragic  and  unnecessary  damage  to 
equipment,   loss  of  human  lifo,  '  or  personal 


injury,  it  is  necessary  to  develop  and  to  practice 
careful,  safe,  and  clean  work  habits.  All  tools 
and  equipment  used  should  conform  to  Navy 
standards  as  to  quality  and  type,  and  should  be 
used  only  in  the  manner  and  for  the  .  purpose 
intended.  All  tools  in  active  use  should  be 
maintained  in  good  repair,  an^  all  damaged  or 
nonworking  tools  should  be  replaced  through 
supply  channels.  When, a  job  is  completed,  or 
when  work  is  interrupted,  all  tools  should  be 
counted  and  returned  to  the  toolboxes  or  to  the 
tool  issue  room.  This  should  be  done  as  carefully 
as  a  surgeon  accounts  for  all  his  instruments 
following  a  major  operation.      /  — 

Practicing  safety  around  machinery  is  always 
prudent.  Smoking  or^^pen  flames  should  not  be 
present  when  fuel  fumes  or  spilled  fuel  are 
present.  Do  not  spill  fuel  on  hot  exhaust 
manifold  or  pipes  as  the  heat  may  raise  the  fuel 
to  its  'ignition  temperature.  It  is  good 
practice  to  use  insulated  tools  and  wear 
gloves  when  checking  or  working  on  ignition 
or  starting  systems.  This  helps  prevent 
electrical  shock  should  you  or  the  tools 
you  are  using  come  in  contact  with  a  cliarged 
wire  or  terminal. 

If  the  engine  is  hot  when  checking  the  level 
of  coolant  in  the  radiator,  be  sure  to  relieve  the 
pressure  in  the  system  before  removing  the 
pressure  radiator  cap.  If  ^ot  ivlieved,  this 
pressure  could  cause  the  hot  coolant  to  spurt 
from  the  radiator  when  the  cap  is  removed, 
causing  serious  burns.  Also,  bums  are  usually  the 
result  if  you  come  in  contact  with  the  exhaust 
manifold  or  pipes  when  the  engine  has  just  been 
stopped.  It  takes  several  minutes  for  these  parts 
to  cool. 


MODIFICATIONS  AND 
CHANGES 


Because  equipment  may  have  parts  that  are 
not  as  durable  as  expected  or  are  unsafe  because 
pr  defective  material  or  arrangement, 
modifications  and  changes  are  ordered  by  the 
Naval  Air  Systems  Command  tluough  changes. 
Tliese    modifications   and    changes    will  be 
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incorporated  by  the  intermediate  maintenance 
level  activity. 

As  an  example  of  a  change  or  modification, 
suppose  that  some  using  activities  discovered 
that  a  metering  jet  of  a  certain  carburetor  was 
becoming  deformed  causing  excessive  gasoline 
consumption.  A  change  would  be  issued 
requiring  activities  having  this  carburetor  on 


equipment  to  substitute  a  replacement  jet  foi 
the  one  that  came  with  the  carburetor. 

In  addition  to  the  modifications  and  changes 
which  become  necessary  because  of  faulty 
equipment,  other  changes  are  sometimes 
necessary  becausje  of  faulty  procedures.  These 
changes  are  effected  by  the  issuance  of  bulletins, 
which  are  issued  to  revise  the  operating 
procedures  for  aviation  support  equipment. 
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CHAPTER  7 


RECIPROCATING  GASOLINE  ENGINES 


Some  reciprocating  inteinal  combustion 
gasoline  engines  use  a  fuel  pump  to  feed  the 
gasoline  to  the  carburetor  (some  use  gravity 
feed).  The  carburetor  mixes  air  with  the 
vaporized  gasoline.  The  mixture  next  passes 
throu^  the  intake  manifold  and  the  intake  valve 
to  the  cylinder,  where  the  piston  compresses  the 
mixture.  At  this  time  the  distributor  directs  an 
electric  current  to  the  spark  plug.  The  spark  plug 
fires  the  con:ipressed  mixture,  and  the  resulting; 
expansion  *  forces  the  piston  to  turn  the 
crankshaft. 

This  chapter  explains  the  operations  that  are 
particular  to  the  gasoline  en^e  including  the 
starting  system,  mixing  the  air  and  gasoline  and 
delivery  of  the  mixture  to  the  cylinder,  and 
i^itnig  the  mixture  in  the  combustion  chamber. 


STORAGE  BATTERY 

The  storage  battery  may  be  co'h^iderea  as 
the  centiiil  unit  of  the  gasoline  engine^st^irtirig, 
ignition,  and  generator  or  alternator  systems. 
Thus,  in  tracing  circuits  or  troubleshooting,  the 
battery  is  the  reference  point  from  N\4iich  other 
observations  and  tests  are  conducted. 

Tlie  battery  supplies  the  electrical  current 
for  operating  the  starting  motor  and  other  units 
tfiat  are  needed  until  the  generator  comes  on  the 
line.  Thfr  battery  also  supplements  the  generator 
output  when  the  generator  is  not  producing 
sufficient  current  for  all  purposes.  Tlie  manual 
NAVEDTRA  10314  (Series)  can  be  referred  to 
for  a  more  thorou^  understanding  of  the 
storage  battery. 


STARTDMG  SYSTEM 

While  gas'^Une  engine  starting  and  diescJ 
engine  starting  are  mechanically  similar,  soiie 
aids  are  used  in  diesel  starting  that  are  not 
needed  in  gasoline  engine  starting.  The  starting 
motor  o**  most  gasoline  engines  is  an  electrical 
motor  th?.t  >:  energized  by  direct  cunent  froin 
the  battery.  This  starting  motor  changes 
electrical  en**Tgif  to  mechanical  energy. '»;t  does 
this  by  a  gear  reduction  system  that  transmits 
the  cranking  power  to  the  Qtyfi.iQ,  The  method 
most  used  for  gear  reduction  makes  use, of  a 
pinion  gear  on  the  cranking  motor  armature 
shaft,  which,  in  operation,  m^hes  viith  tocth  on 
the  engine  flywheel.  There  are  from  10  to  16 
teeth'  on  the  flywheel  for  every  tooth  on  the 
cranking  motor  pinion.  Therefore,  the  cranking 
motor  armature  revolves  10  to  16  times  for 
evLiy  revolution  of  the  engine  flywheel.  In 
operation,  the  starter  armature  revolves  at  a  rate 
of  2,000  to  3,000  rpm,  thus  turning  the  engine 
crank.shaft  at  speeds  up  to  200  rpm. 

When  the  engine  begins  to  operate,  it  may  be 
spKieded  up  to  3,000  to  4,000  rpm.  If .  the 
cranking  motor  did  not  demesh  from  the 
flywheel  teeth,  the  cranking  motor  armature 
would  be  spun  at  speeds  up  to  60,000  rpm. 
These  high  speeds  would  throw  the  windings 
from  the  slots  in  the  armature  and  the  segments 
from  the  commutator.  To  prevent  this,  various 
methods  of 'meshing  and  demeshing  the  cranking 
motor  pinion  with  the  flywheel  have  been 
devised. 

The  BENDIX  DRIVE  (fig.  7-l)is'  bne  device 
•  tliat  accomplishes  meshing  ajid  demeshing  of  the 
drive  pinion  with  the  fly.Wheel.  It  relies  upon  the 
principle  of  inertia  to  cause  its  pinion  to  mesh. 
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BEARING 


OILER 


BENDtX  DRIVE 
OUTBOARD  DRtVE  ' 


PINION 


INBOARD  DRIVE 


227.42 

Figure  7-1.— Starting  motor  with  Bendix  drive. 


Wlien  the  starter  is  not  operating,  the  pinion 
is  out  of  mesh  and  entirely  away  from  the 
flywheel  gear.  When  the  starter  switch  is  engagcd 
and  the  total  battery  voltage  is  impressed  on  the 
starter,  tlie  armatunif  immediately  starts  to 
rotate  at  high  speed.  Tlie  pinion,  being  weiglited 
on  one  side  and'  having  internal  screw  threads, 
does  not  rotate  immediately  with  the  shaft  but, 
because  of  inertia,  runs  forward  (outboard  drive) 
or  back  (inboard  drive)  on  the  revolving 
threaded  sleeve  until  it  meets  or  engages  with 
the  flywheel  gear.  If  the  teeth  ^f  the  pinion  and 


the  flywheel  meet  instead  of  ervgaging,  the  diive^ 
spring  allows  the  pinion  t6' revolve  and  forces  it 
into  mesh  with. the  flywheel.  When  the  pinion 
gear  is' fully  engaged  with  the  flywheel  gear,  the 
pinion  is  then  driven  by  the  starter  throu^  the 
compressL«.t  drive  spring  and  cranks  tjje  engine. 
The  drive  spring  acts  as  a  cushion  *VhUe  the 

is  being  cranked  against  compfessioii. 

ihe  enp'r;^  fires  and  runs  on  its  own 
po^^  ^r,  ihe  flyvi^ucel  drives  the  pinion  at  a  higher 
spcer:;  Than  does  the  starter,  causing  the  pinion 
to  tuin  ;n  the  opposite  direction  on  the  threaded 
sleeve  and  automatically  disengage  from  the  ^ 
flywheel.  This  prevents  the  engine  from  driving 
the  starter.  Several  other  types  of  inertia  or 
Bendix-type  drives  are  also  in  use.  Althouj^ 
they  may  di/Ter  considerably  in  looks  artc^. 
construction,  'hv'w  method  of  operation  Ms 
similar  in  ma;V}'  :^:iipects  to  the  Bendix  drivQ  Just 
discussed.  "  > 

Tlio,  ovemmning  clutch  provides  positive 
meshing  and  demeshing  of  tlie  starter  pinion 
gpar  and  engine  flywheel  gear.  The  shell  and 
sleeve  assembly  of  the. clutch  (fig.  7-2)  is  driven 
by  the  starter  armature  shaft.  Tlie  rotor, 
assembly  is  connected  to  the  pinion  gear  which 
meshes  with  tlie  engine  flywheel  gear. 
Spring4oaded  steel  rollers  are  located  in  tapered 
notches  between  tlie  shell  and  tlie  rotor.  The 
springs  and  plungers  hold  the  rollers  in  position 
in  the  tapered  notches.  When  the  armature  shaft 
turns,  the  rollers  are  jammed  between  the 
notched  surfaces,  forcing  the  inner  and  outer 
members  of  the  assembly  to  rotate  :as  a  unit*and 
crank  the  engine.  After  the  engine  is  started,  the 
flywheel  rotates  fasterthan  the  pinion  gear,  thus 
tending  to  work  the  rollers  back  against  the 
plungers  (fig^  7-2),  and  thereby  causing  an 
overnmning  action.  Tliis  action  prevents 
excessive  speed  of  the  starter.  When  the  starter  is 
released,  the  collar  and  spring  assembly  pulls  the 
pinion  out  of  mesh  with  the  flywheel  gear. 

Tlie  DYER  DRIVE  (fig.  7-3)  is  another  type 
of  starting  motor  drive  which  combines  some  of 
tlie  principles  of  both  tlie  3endix  and  the 
ovemmning  clutch  drives.  Tlie  Byer  drive  is  used 
primarily  on  heavy  duty  gasoline  and  diesel 
engines.  It  provides  complete  and  positive 
meshing  of  the  drive  pinion  and  the  flywheel 
teeth  before  the  starter  motor  is  energized. 
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"CLUTCH 
COLLAR  SPRING 
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Figure  7-2«— Typical  ovariiinning  clutch  conttruotion. 
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ARMATURE  SHAFT 
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SHIFT 
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0uid£  spring. 


PINION  ^^i>INlON 
STOP 


Figure  7-3.— Dyer  drive. 


81.135 


As  shown  in  figure  7-1,  the  entire  starting 
motor  can  be  removed  as  a  unit.  Thus,  when  the 
starting  system  malfunctions  and  the  trouble  has 
been  determined  to  be  in  the  starting  motor,  it  is 
removed  for  inspection  and  repair.  After  the 
starting  motor  has  been  removed,  the  mechanical^, 
components  can  be  removed  from  the  end  of  the 
shaft  that  protrudes  into  the  flywheel  housing. 
The  pinion  and  the  spring  are  the  parts  that 
usually  wear  or  break  and  need  replacing. 

NOTE:  Tlie  cranking  motor  runs  only  for  a 
few  seconds  each  time  it  is  used  and  carries  a 
great  overload  when  it  is  running.  To  cariy  such 


heavy  load,  it  draws  a  high  current.  This 
current--100  to  550  amperes,  depending  on  the 
type  of  engine  it  cranks— causes  ^e  cranking 
niQtpr  to  heat  up  quickly.  To  keep  the  cranking 
'  motor'Trom  9verheatirig,  NEVER  run  it  longer 
tlian  30  seconds  at  a  time.  If  the  engine  does  not 
start  within  that  time,  let  the  cranking  motor 
cool  off  for  several  minutes  before  cranking  it 
again... 

iCNiTIQN  SYSTEMS 

Ignition  of  the  fuel-air  mixture  in  an  engine 
cylinder  may  be  accomplished  by  either  of  two 
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methods— by  heat  of  compression  as  in  diesel 
engines,  or  by  electric  spark  as  in  gasoline 
engines.  Thi)5  section  pertains  to  ignition  by' 
electric  spark  only .  i 

Spark  ignition  may  be  subdivided  into  two 
classes— battery  and  magneto.  With  either,  the 
•fundamental  job  is  to  step  up  low  voltage  to  a 
much  hi^er  value  (15,000  to  20,000  volts)  and^ 
to  deliver  the  hi^  voltage  to  the  spark  plug?;  at 
the  proper  time;  The  hi^  voltagp  is  capable  of 
pushing  current  from  one  spark  plug  electrode  ^ 
to  the  other  through  the  hi^  resistance  set  up 
by  the  gas  pressure  in  the  combustion  chamber. 

BATTERY  IGNITION  SYSTEM 

The  voltage  of  the  vehicle  battery  is  not  hi^ 
enough  to  force  a  current  across  the  spark  plug 
electrodes.  To  obtain  the  high  voltage  necessary 
(approximately  20,Q00  volts),  a  step-up  pulse 
transformer  (ignition  coil)  is  used.  The  high 
voltage  created  is  then,  delivered  by  the 
distributor,  at  the  riglit  time,  to  the  spark  plug 
of  the  correct  cylinder.  Tlie  higli  voltage  forces  a 
current  across  the  spark  plugjelectrodes,  creating 
a  spark,  which  ignites  the  air-fuel  mixture  in  the 
cylinder. 

The  battery  ignition  system  consists  of  two 
circuits,  the  primary'  -'.id  the  secondary.  Figure 
7-4  illustrates  \  tc  ,  vo  circuits  and  their 
components  cou.i  ntjonal  system  using  a 

12-volt  or  a  ^4  Vv :jr/. 

IGNITION  RESISTOR. -An  ignition 
resistor,  sometimes  called  a  ballast  resistbr,  is 
used  in  all  conventional  ignition  systems  tliat 
operate  on  12  or  24  volts.  The  resistor  reduces 
tlie  voltage  and  current  flow  across  the  breaker 
points.  During  low-speed  operation,  piimary 
circuit  current  flow'is  higli  and  the  temperature 
of  the  resistor  inca^ases,  its  resistance  Increases, 
and  current  flow  decreases,  thus'  prolonging 
'  breaker  point  life.  During  high-speed  operation, 
primary  .circuit  current  ^flow  is  low  and  the 
temperature  of  the  resistor  decreases,  its 
resistance  decreases,  and  current  flow  increases, 
thus  meeting  higli-speed  requirements.  During 
starting,  when  starter  current  draw  miglit 
decrease  the  voltage  avaDable  to  the  coil  to  a 
point  where  starting  would  be  difficult,  the 
resistor^  is  bypassed.  This  allows  full  battery 


voltage,  to  flow  to  the  ceil  to  ensure  that  a 
strong  spark  is  created  at  the  spark  plugs  even 
under  adverse  conditions.  / 

IGNITION  COIL.-The  primary  winding  of 
the  ignition  coil  consists  of  a  few  hundred  turns 
of  heavy  wire  wrapped  around  a  laminated  \^ 
s6ft4ron  core  (fig*  7-5).  When  current  is  flowing  \ 
in  the  primary  circuit,  a  magnetic  field  is  set  up 
about  this  coil.  The  secondary  winding  consists 
of  many  thousand  tums-of  very  fine  wire  around 
the  primary  coil.  The  magnetic  field  from  the^ 
primary  coil.,  surrounds  or  "links"  the  turns  of 
wire  on  the  secondary  winding  (fig.  7-51 

If  the  flux  hnking  a  coil  is  varied  or  changed . 
in  any  way,  an  electromotive  force  is  induced  in 
tlie  turns  of  the  coil.  This  is  a  manifestation  of 
tlie  basic  principle  upon  which  i)qtK  the  electric 
generator  and  the  induction  coil  work.  In  an 
induction  coil,  such  as  an  ignition  coil,  a 
magnetic  field  is  set  up  by  current  from*  the 
battery  flowing  throu^  the  primary  circuit. 
Unless  "this  current  flow  is  changing  to  vary  the 
strength  of  the  magnetic  field,  no  voltage  is 
induced  in  the  secondary  winding. 

Since  both  the  primary  and  secondary 
windings  of  an  induction  Coil  are  stationary 
windings,  some  raeans_  other  than  movement  of 
the  windings  is  used  to  change  the  magnetic  flux 
linking  the  coils.  This  effect  is  created  by  a 
make-and-break  device  (breaker  points)  in  the  " 
primary  Cfrcuit.  When  the  breaker  points  are 
closed,  current  flows  throu^  the  primary  coil, 
and  the  magnetic  field  builds  up  around  it.  The 
magnetic  lines  of  force  link  tiie  primary  and 
secondary  windings  and  induce  voltage  in  each 
winding.  I;:*  the  primary  winding,  the  induced 
voltage  opposes  the  battery  voltage.  For  this 
reason,  the  magnetic  field  is  not  built  up 
instantly,  but  requires  a  fraction  of  a  second  to 
reach  full  strength.  This  is  called  the  saturation 
time. 

BREAKER  POINTS.-Tlie  jnake-and-break 
device,  which  consists  ofa  set  of  contact  points 
and  a  spring,  is  located  in  the  distributor.  Tlie 
purpose  of  this  device  is  to  open  the  primary 
circuit,  causing  the  magnetic  field  tO:  collapse. 
Tliis  collapse  induces  a  higli  voltage  in  the 
secondary  winding,  and  causes  a  brief  but  strong 
How  of  current  in  the  secondary  circuit.  Tlie 
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Figure  7-4.— Conventional  battery  ignition  system. 
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Figure  7-5.— Sectional  view  of  an'ignit 
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field  were  allowed  to  continueTit  would  cause 
arcing  across  the  breaker  points.  To  reduce  this 
arcing,  a  capacitor  (condenser)  is  wired  in 
parallel  with  the  breaker  points  and  grounded 
through  the  distributor  housing.  The  capacitor 
takes  up  the  current  from  the  induced  primary 
voltage,  allowing  the  magnetic  field  to  collapse 
vc  y  quickly  vand  induce  a  high  secondaiy 
voltage.  The  result  is  a  good  hot  spark,  which  is 
required  to  ignite  the  fuel-air  charge. 

Induced  voltages'*  in  the  primary  and 
secondary  winding;?  depend  on  the  number  of 
turns  of  wire  in  the  two  winding;?.  The  voltage 
induced  in  the  secondary  winding  when  the  field 
collapses  may  be  as  high  as  25,000  volts.  The 
spark  is  usually  created  across  the  plug  gap  at  a 
lower  voltage -approximately  1 0,000  volts.  ^ 

DISTRIBUTOR.-Figure  1-6  is  a  side  and 
top  view  of  a  distributor  unit. 

The  distributor  cap  has  a  center  terminal  for 
the  high-tension  lead  from  the  secondary  coil, 
and  separate  terminals  for  leads  to  the  spark 
plugs.  Tlie  cap  fits  over  the  bowl  of  the 
distributor  housing  that  contains  the  capacitor, 
rqtor,  breaker  points,  and  the  breaker  cam.  Tlie 
-breaker  cam  and  the  rotor  rotate  at  one-half 
engine  speed  on  a  shaft  whlCh  is  driven  from  the 
camshaft.  The  rotor  conducts  the  higlv.  voltage 
from  the  secondary  to  the  separate  spark  plug 
leads. 

Tlie  mechanism  is  .timed  so' that  the  rotor  is 
adjacent  to  one  of  the  spark  plug  leads  each  .time 
the  primary  circuit  is  broken.  In  figure  7-6  the 
spark  plugs  and  cylinders  are  .numbered  in  a 
standard  manner,  beginning  with  number  1  at 
tlie  front  of  the  engine,  back  to  number  6 
(6-cylinder  engine)  at  the  rear  of  the  engine.  Tlie 
leads  from  the  distributor- cap  arc  arranged  so 
the  rotor  will  make  contact  and  send  hi^i 
voltage  to  the  spark  plugs  in  the  following  firing 
order  "1-5-3-6-24. 

BREAKER  CAM-Tlie  breaker  cam  is 
six-lobed  for  a  6-cylinder  4-stroke  cycle  engine. 
Tliercf6rc\  the  breaker  points  mil  open  and 
dose  six  times  with  each  revolution  of  the 
distributor  shaft.  Tliese  contact  points  close  and 
open  the  primary  circuit,  so  that  six  times  in 
each  two  revolutions  of  the  engine,  the  magnetic 
field  in  the  coil  will  be  built  up  and  allowed  to 
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Figure  7-6.— Distributor. 


collapse.  The  breaker  cam  and  rotor  rotate 
together,  and  the  rotor  is  aligned  with-  the 
proper  spark  plug  contact  eafh  time  a  cam  lobe 
opens  the  "primary  circuit,  collapsing  the 
magnetic  field  arid  producing  a  high  voltage  in; 
the  secondary  circuit.  • 

TIMING  ADVANCE  UNIT.-Timirig 
advance  is  accomplished  in  the  distributor.  A 
short  time  is  required  to  ignite  and  bum  the 
air-fuel  mixture  and  develop  power,  and  this 
time  is  practically  the  same  at  aH  engine  speeds. 
At  high  si^ecds,  the  timing  must  be  advanced  so 
the  sparks  will  occur  earlier  than  at  low  engine 
speeds  if  combustion  is  to  be  completed  at  the 
most  effective  time  in  the  operating  cycle. 

TJiere  are  two  types  of  automatic-timing 
advance  mechanisms,  and  tJiey  may  be  used 
'  separately  or  together.  The  centrifugaJ-advance 
'*  mechanism  (fig.  7-5)  is  operated  by. a  pair  of 
weights  that  are  thrown  out  against  spring' 
tension  as  the  engine  speed  increases.  Movement 
of  the  weights  advances  throu^^  linkage  to  the 
breaker  cam.  This  mechanism,  usually  found  in 
the  lower  part   of  the   distributor  housing, 


provides  a  smooth  advance  and  retard  of  the  ' 
timing  with  changes  in  engine  speed. 

Tlie  vacuum-advance  mechaihism  advances 
and  retards  the  timing  according  to  engine  load, 
and  uses  a  spring-loaded  diaphragm  connected 
by  a  linkage  to  the  distributor  and  by  a  vacuum 
passage  to  the  carburetor.  The  opening  to  the 
carburetor  is  on  the  atmospheric  sjde  of  tlie 
tlirottle  when  the  throttle  is  in. idling  position. 
There  is  no'  advance  in  this  position  since  the 
opening  is  under  atmospheric  pressure.  Xs  the 
throttle  is  opened,  it  swings  past  the  opening  of 
the  vacuum  passage,  exposing  the 
advance -mechanism  diaphragm  to  intake 
manifold  vacuum.  The  diaphragm  operates  the 
advance-mechanism  linkage  and  rotates  the 
breaker  plate  and  breaker  points  in  the  direction 
of  distributor  rotation,  causing  t}ie  breaker 
points  to  be  opened  eariier,  advancing  the  time 
tliat  the  spark  occurs  in  the  cylinder. 

SPARK  PLUGS. -Spark,  plugs  are  installed  in 
each  cylinder  of  an  engine.  Tlie  plugs  provide 
the*"  fixed  air  gap  across  vAiich  the  high  voltage 
from  the  coil  jumps  to  create  the  spark  that 
ignites  the  air-fuel  mixture  in  the  cylinder.  A 
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cutaway  view  of  a  spark  plugMs  shown  in  figure 
7-7. 

Plugs  come  in  different  thread  sizes;  such  as 
10mm:*14mm,  18mm,  and  7/8  inch.  The 
ten-millimeter  plug  will  carry  numbeis  beginning 
With  "10"-such  as  104,  106,  etc.  The 
fourteen-millimeter  plug  will  carry  the  numbers 
beginning  with  "4"'-such  as  44,  46,  47,  etc. 
Eighteen-millimeter  plugs  carry  numbers 
beginning  with  "8"  like  82,  83,  85,  etc.^And 
seven-eights-inch  plug?  ny  numbers  beginning 
with*  "7">-such  as  73,      75,  etc. 

TRANSISTOR  IGNITION 
SYSTEM  ' 

The  trajisistor  ignition  system  is  a  relatively 
new  development  in  battery  ignition.  It  is 
designed  to  overcome  some  of  the  drasv backs  of 
tlvs  conventional  ignition  system.  The  output  of 
the  conventional  ignition  is  limited  to  the 
amount  of  current  in  the  prini  '.ry  circuit.  No 
more  than  approximately  5  amperes  of  current 
can  be  carried  in  the  primary  circuit' without 
shortening  the  life  of  the  contact  points.  Tliis  is 
because  the  contact  poirrt^  will  arc  and  bum  if 
more  current  is  interrupted.  Another  factor 
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Figure  7-7,-Spark  plug. 


limiting  the  output  is  the  iejigth  of  time  the 
contact  points  remain  closed;  and  as  the  engine 
speed'^ncreases,  this  tirtie  becomes  increasingly  r 
short. 

The  transistor  is  a  device  that  has  the  ability 
to  switch  large  currents 'through  the  action  of  a 
very  small  control.  The  switching  action  involves 
no  moving  parts  and  is  instantaneous  when  the 
circuit  is  desig;ned  prof/eriy.  Cdnventional 
contact  points  turn  the  transistor  on  and. off  at 
the  proper  time  in  relation  to  the  engine  timing. 
A  specially  designed  hi^-voltage  transformer  is 
used  instead  of  tiie  stanclard  ignition  coil.  This 
allows" the  control  current  to  be  reduced  to  11/2 
to  3/4  ampere  ancf  still  produce  25,00Q  to 
^30,000  volts  in  the  secondary. circuit.  Because  of 
tlie  low  current  being" conducted  by  the coi> tact 
\points,  their  life  is  greatly  increa§pd  over  ivhat 
they  would  be  in  the  conventional  ignition 
V  system.  «  -  .  '  \ 

There  are  several  advantages  offered  by  the 
transistorized  system;  for  example,  extended 
breaker  pbiqt  life,  extended  periods  between 
engine  tuneups,  extended  Spark  plujg  life,  and 
higher  available  voltage  at  the  spark  plugs.' 

MAGNETO  IGNITION 
SYSTEM^      '  ■ 

-  The  magneto  used  for/ignition  is  usually  a 
self-contained  unit.  Witii/the  exception  of  the 
spark  plugs  and  .the  wires  leading  to  them,  the 
magneto  includes  or  substitutes  for  all  the  units 
usually  found  in  tl^e  battery  ignition  system. 
The  magn&to  provides  electricity  for  ignition 
alone  and  is  designed  for  handcrank  starting  of 
«  the  engine.  In  equipment  that  requires  lights  and 
other  electric^ly  operated  accessories,  the 
battery  ignition  system  is  used.  Engines  provided  ' 
with  both  systems  can  operate  on  either  system. 
Should  the  battery  bp  dead  or  rundown  the 
engii>e  can  run  on  the  magneto  alone. 

^  Some  magnetos  have  a  permanent  magnet 
and  pole  pieces  to  produce  a  magnetic  field.  The 
primary  and  secondary  windings  are  wound  on 
an  armature  which  rotates  within  the  magnetic 
field.  As  the  armature  revolves,  an  altefiiating  . 
current  of  Iqw  voltage  is  generated  in  tlie  turns 
of  the  wire.  , 

When  this^etfrrent  reaches  its  higliest  value, 
the   breaker   points   open,   and  hi^-tcnsion 
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current  is  induced  in  the  secondary  windings,  as 
in  the  batteiy  ignition  system.  The  high-tension 
current  is  routed  to  the  magneto  distributor  and 
to  the  spark  plug3  in  the  proper  firing  order.  The 
magneto  distributor  is  often  a  part  of  the 
magneto.  The  magneto,  a  simple  ^orm  of 
electric  generator,  produces  ifs  own  curreTit, 
thus  eliminating  the  need  of  a  battery  in  the 
ignition  system.  See  figure  7-8.  ^ 


IGNITION  SYSTEM 
MAINTENANCE 

Aside  from  a  faulty  capacitor  or  ignition 
coil,  most  ignition  troubles  result  from  loose  or 
broken  connections  caused"  by  wear  during. 
>iprmal  engine  operation.  Unless  the  engine  stops 
entirely  on  the  job,  trouble  indications  are 
reporvted*^  by  the  vehicle^  operator  and  the 
ecjuipment  is  held  in  the  shop  for  repairs. 

Unless,  the  trouble  is  known,  a  systematic 
procedure  ""  should  be  followed  tojocate  the 
cruise.  Trace*  tlie  ignition  wires  for  groujjds, 
shorts,  liiid  cpQn  circuits.  Bare  wires,  loose-  , 
ccnncclions,  and'\corrosion  are  found  through  . 
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Figure  7-8.— Circuits  of  a  high  tension  magneto. 


visual  inspection.  These  inspections  are  easiest 
and  should  be  made  first.  . 

TROUBLESHOOTING 

Before  making  any  test,  conduct  a  thorough 
visual  inspection  of  the  ignition  system. 

BATTERY.— Check  terminal  posts  and 
ciibles.  Connections  must  be  clean,  tight,  and 
free  of  corrosion.  '  . 

PRIMARY  WIRING.-Ch^eck  for  obviQus 
damage  such'as  broken"  wires,  loose  wires,  frayed 
insulation, h'^tQ.^All  connections  must  be  dean 
and  tight.  \/f-r  • 

IGNITION  COIL.-Pull  the  high-voltagp  fead 
out  of  the  coil  tower.  Check  the  tower  for  signs 
of  corrosion  or  burning.  If  it  is  corroded,  clean 
with  a  round  brush  or  sandpaper  wound  around 
a  pencil.  Examine  the  tower  carefully  for  any 
sign  of  fiashover  (high-voltage  current  leaving 
the  intended  path  and  jumping  down,  or  around, 
directly  to  ground).  Fiashover  can  be  caused  by 
moisture  or  dirt  on  the  coil  exterior,  a  corroded 
tower  interior,  or  by  failing  to.  have  the*  high 
v(^tage  lead  pushed  fully  into  the  tower.  If 
fiashover  has  cracked  the  tower  or  left  a  burned 
path  (carbon  track),  replace  the  coil. 

Check  for  cprrect  coil  polarity— the  coil 
must  be  connected  into  the  primary  circuit  so 
that  the  positive  and  negative  markings  of  the 
coil  correspond  to  the  battery  connections.  For 
example,  in  a  negative  grounded  system,  the 
negative  terminal  of  the  coil  must  be  connected 
to  the  distributor*  where  it  is  grounded  througli 
the  breaker  points.  By  connecting  the  coil  in  this 
manner,*  the.  center  electrode  of  the  spark  plug 
assumes  a  negative  polarity.  . 

It  takes  less  voltage  to  cause  electrons  to 
move  frorfi  a  hot  to  a  cold  surface,  and  since  the 
centef  electrode  oC  the  plug  is  always  hotter 
than  the  ^ide  (ground)  electrode,  current  flow 
must  be  from  the  hot  center  electrode  to  the 
cooler  side  electrode.  By  giving  the  center 
electrodq^  negative  polarity,  current  will  flow  in 
this  manner,  as  shown  in  figure  7-9. 

■  If  the  coil  is  connected  so  that  polarity  is 
reversed  (spark  plug  center  electrode  positive), 
up  to  40  percent  more  voltage  is  required  to  fire 
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Figure  7-9.-Correct  coil  polarity  and  voltage  flow/  for  a  negative  grounded  SY^em. 


thc^  plugs,  Tliis  could  result  in  hard  starting, 
missing,  and  eventual  coil  failure.  Testing  lor 
correct  coib  polarity  with  ^the  engincmmning  is 
covered  later  in  this  chapter. 

DISTRIBUTOR  CAP.-Re-move  each  spark 
plug  lead  (one  at  a  time)  trom  the  cap.  Check 
for  corrosion,  signs  of  burning,  or  flashover. 
Corrosion  can  be  removed  as  previously 
^described  for  ignition  coils.  If  any  sign  of 
flashm^eTTS^escnt,  replace  the  cap.  VVlien  the 
leads  are  replacecH  ensure  tliey  jire  clean  and  are 
fully  seated  in  the  towers. 

Remove  the  cap  from 'the  dTstributor  and 
turn  it  upside  down.  If  signs  of  burning, 
cracking,  or  flashover  are  present  at  the  center 
contact  or  the  spark  plug  terminal  posts,  the  cap 
must  be  replaced.  Check  the  spark  plug  terrqinal 
posts  and  the  rotor  tip  for  excessive  scoring  or 
burning.  Mild  scaling,  caused  by  the  higli  voltage 
jumping  from  the  rotor  to  the^termin^al  posts. 


can  bt  removed  Hglitly  scraping  the  terminal 
posts.  '  . 

\ 

BREAKER  POINTS. -With  Vthe  Tgnition 
switch  off,  separate  the  points  anXcI/eck  their 
condition;  a  dull,  slafe-gray  color  is  riofmal.  If 
they  have  metal  transfer  (pitting)  or  are  burned, 
they  must  be  replaced.  Breaker  pqints  must  not 
be  filed  to  cbrrect  pitting.  ,\  - 

BREAKER  CAM. -If  the  surface  of  'the  cam 
is  rougli  or  pitted,  or  the  cam  lobes  show 
excessive  vvear,  the  cam  must  he  replaced. 

SECONDARY  WIRING. -if  the  spark  plug 
leads  are  oily  or  dirty,  they  must  be  cleaned^ If 
signs  of  cracking,  swelling,  burning,  or  other 
damage  arc  present,  the  leads  must  be  replaced. 

After  making  ^the  visual"'  inspection  and 
correcting  any  defects  that  were  noted^  ihv 
engine  is  still  hard  to  start  or  will  not  start  at 


211 


217 


AVIATION  'SUPPORT  EQUIPMENTS-TECHNICIAN,  }A\3  3c  i 


the  following  tests  can  be^  made  to  locate/ the 
defects.  .       -  ,  / 


System  Tests 


Remove'  the 
distributor  cap' 
3/16-inch  from 


secondary  coil  lead  from  the 
and   hold,  it   approximately^  _ 
ground  while   cranking  the 
.engine,  and  o.bserve  the  spark.  A  bright  blue 
spark  indicates  proper  operation  of  the  primary 
circuit  and  the  secondary  winding  of  the  ignition 
,    coil.  Troubleshooting  can  be  limited  to' the  /. 

'distributor  cap,  rotor,  spark  plug  leads,,  and 
^  .spark  plugs.  A  yellow  spark  indicates  that'the 
malfunction  is  iri^'the  prinfary  pircmjt  or  the 
secondary  winding  of  the  ignition  coif. 

PRIMARY  CIRCUIT  T^STS.^Three  basic 
voltmeter    tests    c^    be    made  ^to  isolate 
^^"-^vhigh-resistance  areak  or  components  in  the  . 
primary  circuit. 

>,  •  . 

^^NOTE:    The    voltage    readings   and  test, 
connections  used  here^are  for  a  representative 
12-volt^  negative  ground  system.  Always  use  the 
test  specififcations  given  by  the  manufacturer  for 
any  specific  system. 

Test  1. 'Battery  to  Coil  Test  .-Connect -the 
voltmeter  as  s*ho-ivn  in  figure  7-1 0(A).  Connect  a. 
.  jumper  wire  from  the  distributor  connection'  of 
the  coil  to  ground. 

With  the  ignition  switch  on  and  the  points 
closed,  voltage  drop  should  not  exceed  6.9  volts. . 
If  the  drop  exceeds'' 6.9  volts,  a  high  resistance 
exists  in  the  resistor,  ignition  switch,  or  the  , 
wiring  between  the  battery,  and  tlm^oil.  A  droj^ 
of  less  than  4.5  volts  indicates  a  sl|i>rted  jc;esistor. 

Test  2.  Starting  Ignition  'Circiuit 
Test.— Connect  the  voltrrieter  as  shown  in  figure* 
7-10  (B).  Remove  the  secondary  coil  wire  from 
the  distributor  cap 'and  ground  the  wire» 

With  the  ignition  switch  off,  crank  the 
,  engine  by  placing  a  jumper  wire  from  the 
battery  positive  post  to  the  S  terminal  of  the 
starter  ^olenoiA  ,or  relay.  The  voltage  drop 
should  not  exceed  0.1  volt.  If  the  drop  exceeds 
_p.L  volt,  a  "high  resistance  exists  in  the  starter 
solenoid  or  relay  contacts  or  in  the  wiring 
between  the  starter  solenoid  or  relay  and  the 
coil.  ^  2 
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Figure  7-10.— Voltmeter  connections  for  resistance  tests 
of  the  primary  circuit 
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Test  3.  Coil  to  Ground  TestACoririect  the 
voltmeter  as  shown  in  figure  -7-10  (C).    ^  ° 

With  th\^  ignition  switch  on  and  the  points 
dosed,  the  voltage  drop  should  not  exceed  0.1  ; 
volt.  If  the  drop  exceeds  0.1  volt,  a  high 
resistance  §xists  either  in  the  coil  to  distributor 
wire,  the  %figine  to  frame  ground  strap,  the* 
distributor  to  engine  mounting,  the  breaker 
plate  to  distribjutor  housing  mounting,  or  in  the 
breaker  points.        V  T  ; 

SECONDARY  CIRCUIT  TESTS  .-If 
preliminiary  .  testing,  indicates  that  the 
malfunction  is'  in  the"  secondary  circuit,  the 
defect  can  be  located  by  making  these  tests: 

''Test  1.— Use  a  meggqr  and,  following  the 
instructions  provided  with  it,  test  the  distributor 
cap,  rotor,  and  spark  plug  leads  for  insulation 
breakdown,  cracks,  or  opens! 

Test  2.-Remove  and  thoroughly  examine 
tjie  spark  plugs.  Figure  7-11  illustrates  some 
types  of  fouling  and  damage  that  may  be 
encountered. 

A  plug  that  exhLbits  any  of  Jhe  conditions : 
shown  in  figure  7-1 1  except  F,  G,  and  H,  may  bt 
reconditioned  and  reused.  Reconditioning  is 
covered  later  in  this  chapter.  A  plug  exhibiting 
any  of  the  conditions  in  F,  G,  or  H,  must  be 
repFacedi  and  the  cause  for  the  damage  must  be 
corrected. 

Repair  and  Adjustment 

The  repairs  and  adjustments  that  are 
required  on  a  battery  ignition  system  are 
comparatively  simple  to  perform,  but  in  order  to 
achieve  good  equipment  performance  and 
economic  operation,  care  must  be  exercised  and  ^ 
correct  procedures  followed. ' 

DISTRIBUTOR. -Replacement  of  the 
breaker  points  can  be  accomplished  with  the 
distributor  installed,  but,  generally,  it  is  better - 
to  remove  the  distributor  from  the  engine.  This 
.rtot-^only  makes  access  to.  the  breaker  points 
easier,  it  also  enables  the  ASM  to  inspect  and,  if 
necessary,  repair  other  components  of.  the 
distributor.  ' 

With  the  'distributor  cap  removed,  scribe  a 
line  across   the*  junction  of  the  distributor 


n 
Id 


housing  and  the  engine  block,  and  one  on  the 
distributor  housing  in  line  witli,the  center  of  the 
rotorcoptact  strip.  Disconnect  the  primary  lead 
and,  if  iised,  ,the  vacuum  advance  vacuum  line. 
Remov^  the  distributor  holddown  bolt  and 
clamp  ;  and  remove  the  distributor  from  the 
engini^.      ,      '  ^  ■ 

Qainp  the  distributor*  in  a  soft  jawed  vise, 
taking  care  not  to  da/nage  the  drive  gear or 
housing.^ 

Before  attempting  to  remove  the  breaker 
points,  with  the  distributor  on  or  off  the  engine, 
stuff  small  ragyin  any  hole  or  opening  in  the 
breaker  plate  through  which  small  scraws  or  nuts 
might  fall.  Note  the  location  and  position  of  the 
primary  lead4n  and  condenser  wires  before 
disconnecting  them.  . 

Remove  the  used  points,  thoroughly  clean 
»the  mounting  area  and  the  breaker  cam,  and 
install  the  replacement  points. 

Replacement  of  the  condenser  is  generally 
accomplished  at  the  same  time  the  points  are 
replaced.  However,  if  the  condenser  is  to  be 
rcusec^  it.  should  be  tested  for  capacity, 
resistance,  and  leakage,  using  a  condenser  tester. 
If  a:-new  condenser  is  used,  it  should  also  be 
tested  and  the  results  compared  to  the 
manufacturer's  specifications  for  the  equipment 
at  hand. 

As  shown  in  figure  7-12,  a  condenser  of 
incorrect  capacity  will  cause  heavy  arcing  across 
the  points,  and  m'etal  traifsfer  from  one  contact 
to  the  other. 

With  points  and  the  condenser  installed, 
rotate  the  breaker  cam  until  the  points  are 
closed,  and  check  the  alignment  of  the  contacts. 
If  bo\h  contacts  are  flat,  the  entire  surface 
should  contact  at  the  same  time.  , If  both 
contacts  are  convex,  or  if  one  is  flat  arid  the 
other  convex,  contact  should  be  in  the  cefiter.  If 
alignment  incorrect,  bend  ^the  stationary 
contact  bracket  to  provide  correct  alignment. 
Never  attempt  to  align  the  points  by*  bending  the 
movable  arm.  ' 

Point  gap  (amount  of  op<*ning  between  the 
contacts  when  t)ie  points  a.  fully  opened  by, 
the  breaker  cam)  is  critical  and  must  be  closely 
set.  If  the  gap^  too  small,  the  points  arc  and 
bum;  if  the  gap  is  excessive,  saturation  time  for 
the  coil  is  reduced  and  higli-speed  missing 
occurs. 
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Figure  7-11.— Examples  of  spark  plug  appearances. 
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Figure  7-12.-Effects  of  Incorrect  condenser  capacity. 
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The  gap  for  new  points  may  be  set  initially 
with  a  feeler  gage.  This  is  done  by  turning  the 
breaker  cam  until  the  point  rubbing  block  is  on 
the  hi^est  point  of  a  cam  lobe,  and  moving  the 
stationary  point  plate  until  a  feeler  gage  of  the 
correct  thickness  (refer  to  manufacturer's 
speafications)  is  a  snug  fit  between  the  contacts. 

As  shown  in  figure  7-13,  used  points  cannot 
be  gapped  apcurately  with  a  feeler  gage  because 
the  gage  measures  between  the  high  spots  while 
the  actual  point  opening  is  much  greater.  Note 
that  a  .015  feeler  gage  is  a  snug  fit,  but  the 
actual  gap  is  .022.  The  correct  method  of 
obtaining  the  necessary  accuracy  for  setting  used 
points  is  to  use  a  dwell  meter 

Dwell,  often  called  cam-an^e,  refers  to  the 
distance,  in  degrees  of  breaker  cam  rotation, 
that  the  breaker  cam  revolves  from  the  time  the 
points  close  until  they  are  opened  again  (fig. 
7-14.)  The  dwell  for  any  given  set  of  breaker 
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Figure  7-13.-False  setting  given  byTeeler  gage  for 
used  points. 
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Figure  7-14.-Relation$hl(^of^eiran3^ point  gap. 
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points  is  controlled  by  the  point  gap,  so  tlie  two 
must  be  considered  together.  \   ^  ' 

As  can  be  seen  by  referring  to  figure  7-14,  if 
'point\ap  is  decreased,  dwell  increases;  if  point 
gap  is  increased,  dwell  decreases.  Thus,  point  gap 
and  dwell  are  indirectly  proportional. 

Once  the  point  gap  has  been  set,  the  breaker 
arm  spring  tension  should  be  checked  using  an 
accurate  QUnce  scale.  If  the  pressure  is  excessive, 
rapid  wearing  of  the  rubbing  block  will  cause  the 
point  gap  to  narrow,  retarding  the  engine  timing 
and  increasing  the  dwell.  Too  low  a  pressure  will 
cause  the  points  W^bQun\:e,  creating  a  high-speed 
miss.        ^;  A 

With  th<^;rubbinfi^^blpck  positioned  on  the 
low  point  between /Ga(m  lobes,  hook  the  scale  at 
the  contact  point  edge,  Pull  at  right  angles  to  the 
movable  arm  and  check  the  pressure  just  as  the 
points  separate,  ^nd  compare  to-  the 
manufacturer's  specifications.  If  the  pressure  is 
incorrect,  refer  to  the  applicable  maintenance 
manual  for  adjustment  procedures.  Ensure  that 
all  wires  are  correctly  connected  and  clear  of  all 
moving  parts.  Remove  rags  that  were  used  to 
plug  openings. 

Apply  a  thin  coat  of  high-temperatUre  grease 
to  the  breaker  cam.  Dp  not  use  engine  oil  or 
low-temperature  grease  as  it  will  be  thrown  off 
and  dnto  the  points.  On  distributors  equipped 
with  ii  felt  wick-type  oiler  under  a  lift-off  type 
rotor,  1  moisten  with  engine  oil— 3  to  5  drops. 
Lubricate  the  point  jpivot  pin  and  bushing,  the 
qentrifiigahadvanqe  mechanism,  and  if  required, 
the  ^ileaker-plate  -bearing  surfaces  very  lightly 
with  engine  oil.  If  an  outside  oiler  is  provided, 
apply  5  to  7  drops  of  engine  oil. 

GAUTION:  Lubricate  distributor  parts 
sparingly  to  avoid  gp,tting  it  on  the  points 
becauss  lubricant  causes  rapid  burning  of  the 
points. 

If  al  distributor  test  machine  is  available,  it 
should  be  used  to  check  the  distributor  for 
dvyell,  vacuum ^and  centrifugal  advancej_pQirLt^ 
;  bqiince^^ient — shaft,   wom^bushings,  worn 
t^re.akef  pam,  etc.. 

/  '  If  the  distributor  was  marked  before 
terftoval]  as  previously  indicated,  and  the  engine 
has'/iot  jbeeh  cranked  since^lhe  distributor  was 
removed',  installation  is  simple.  Align  the  rotor 
with  the  scribe  mark  on  the  distributor  housing. 


align  the  scribe  marks  on  the  housing  and  engine 
block,  and  insert  the  distributor.  As  the 
distributor  drive  gear  meshes  with  the  camshaft 
gear,  the.  rotor  will  turn  a  small  amount.  Pull  the 
distributor  up  far  enou^  to  disengage  the  gear 
and  turn  the  rotor  back  far  -  enough  to 
compensate  for  the  turning  and- push  down 
again.  When  the  housing  is  flush  against  the 
blpck,  the  scribe  lines  should  be  lined  up.  If  they 
are,  install  the  holddown  bolt  and  clamp,  and 
lock  the  distributor  in  place. 

If  the  distributor  will  not  bottom,  do  not 
attempt  to  force  it  down.  The  distributer  shaft 
is  not  aligned  with  the  oil  pump  shaft  slot  or 
tang.  Hold  firm,  pressure  on  the  distributor  and 
crank  the  engine— when  the  shafts  line  up,  the 
distributor  will  drop  into  place. 

If  the  engine  was  cranked  while  the 
distributor  was  out,  remove  the  number  one 
spark  plug  and  crank  the  engine  until 
compression  can  be  felt,  and  continue  to  turn 
the  engine  until  the  timing  marks  (located  on 
the  crankshaft  vibration  dampener  or  flywheel) 
are  lined  up  with  the  stationary  pointer.  The 
engine  is  now  ready  to /fire  the  number  one 
cylinder.  Align  the  housing-to-block  scribe 
marks  and  turn  the  rotor*  to  align  with  the 
number  one  spark  plug  tower  on* the  distributor 
cap— points  just  startihg  to  open.  Insert  the 
distributor  and,  as  previously  described,  pull  up 
and  adjust  for  rotor  movement  as  the  gears 
mesh.  When  the  installation  is  correct,  the 
distributor  will  be  fully  bottomed,  points  just 
opening,  and  the  rotor  pointing  to  the  number 
one  spark  plug  tower  on  the  distributor  cap. 
This  initial  timing  settirtg  will  suffice  for  starting 
the  engine. 

To  time  the  engine  to  manufacturer's 
specifications,  clean  all  the  grease  and  dirt  from 
the  timing  mark  and  reference  pointer.  Draw  a 
chalk  line  over  the  timing  mark  to  make  it  more, 
visible.  Connect  othe  timing  light  to  the 
high-tension  Jead  of. the  No.  1  spark  pi ug_aadihe- 
--power— Icarls—tiT'the  power  supply.  Connect  a 
tachometer,  if  available,  to  the^^primary  circuit 
of  the  distributor.  Warm  the^engine  to  normal 
operating  temperature  and  a.djust  the  idle  speed. 
Aim  the  timing  light  flashes  at  the  timing  mark 
and  reference  pointer.  If  the  timing  mark  and 
pointer  do  not  line  up,  loosen  the  distributor 
and  turn  it  in  its  mounting  until  the  .timing  mark 
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does  align  with  the  pointer,  then  secure  the 
^distributor.  Also  check  to  see  if  the  automatic 
advance  mechanism  is  working.  This  is 
accomplished  by  keeping  the  timing  U^t  aimed 
at  the  timing  mark  and  gradually  increasing  the 
engine  spteed.  If  the  advance  ijiechanism  is 
working,  the  timing  mark  should  gradually  move 
away  from  the  pointer.  If  the  timing  mark  fails 
to  move  as  the  engine  speed  is  increased,  or  if  it 
hesitates  and  then  suddenly  jumps,  the  advance 
"  mechanism  is  not  functioning  properly  and  must 
be  repaired. 

A  quick,  ample  check  for  correct  coil 
polarity  can  be  made  using  an  ordinary  wooden 
pencil,  as  shown»in  figure  7-15. 

Place  a"  piece  of  rubber  hose  over  the  pencil 
to  pfevent  the  possibility  of  electrical  shock. 
Remove  any  one  of  the  spark  plug  wires;  place 
the  lead  of  the' pencil  between  the  spark  plug 
wir^  and  the  plug.  Start  the  engine  and  observe 
the  spark-if  it  flares  or  has  a  yellow  tinge  on  the 
wire  side,  polarity  is  reversed;  if  it  flares  or  has  a 
yellow  tinge  on  the  plug  side,  polarity  is  correct. 

Point  gap  or  dwell  must  be  set  before 
attempting  to  time  the  engine,  as.  changing  the 
gap  will  change  the  timing. 

If  used  points  are  to  be  reused,  or  the  gap 
setting  is  to  be  checked  with  the  distributor 
installed,  connect  a  dwell  meter  (following 
instrument  manufacturer's  instructions)  and, 
with  the  engine  idling,  check  the- dwell.  Compare 
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Figure  7-15.^ne  metiiod  of  checking  coit  polarity. 


the  dwell  reading  with  the  manufacturer's 
specifications  and,  if  incorrect,  the  point  gap 
must  be  adjusted.  , 

Remove  the  secondary  coil  lead  from  the 
distributor  cap  and  grounv  it.  Remove- i^h'e; 
distributor  cap'and  rotor.  With  the  dwel}  metier 
connected  as  before,  crank  the  engine  and  adjust* 
tlie  points  as  necessary  (while  cranking)  to 
obtain  the  correct  dwell.  Replace  the  rotor  arid:  . 
distributor  cap  and  reconnect  the  coil  secondaiyj. 
lead.  Start  the  engine  and  check  the  dwell— it 
should  not  have  changed  more  than  3  degrees.  If 
a  greater  change  is  noted,  the  distributor  has 
worn  bearings,  or  a  \yom  cam 'and  should  be 
removed  for  repair. 

SPARK  PLUGS. -When  plugs-  receive 
periodic  cleaning  and  gapping,  they  will  function 
better  and  last  longer. 

Spark  plug  wires  should  be  carefully 
removed  by  grasping  them  close  ^  to  their  ' 
terminals  for  the  pull.  Do  not  "jerk"  them  from  ' 
the  spark  plug  terminal.  Loosen  each  plug  one  or 
two  turns,  4hen  use  low-pressure  compressed  air 
to  blow  out  any  dirt  around  the  spark  plug  hole. 
This  w»ll  prevent  foreign  matter  from  entering 
the  cylinder. 

Remove   the   plugs,  being  sure  that  the 
gaskets  (where  used)  are  also  removed.  As  the 
plug^  are  removed,  keep  them  in  order  so  that 
any  peculiar  condition  of  any  plug  can  be' 
related  to  a  specific  cylinder. 

The  plugs  shown  in  figure  7-11  are  some 
examples  of  plug  conditions  that  may  be 
encountered.  The  cause  for  each  is  discussed 
below. 

(A)  is  from  a  mechanically  sound  engine, 
running  at  the  correct  temperature.  Some 
deposits,  li^t  tan  or  gray  in  color,  are  present, 
but  there  is  evidence  of  burning.  Some  gap 
growth  will  have  occured,  but  not  in  e:>ccessive 
amounts.  ^ 

(B)  is  from  an  engine  having  excessive 
combustion  chamber  deposits  that*  shed  off 
when  normal  combustion  temperature  was 
restored  by  the  installation  of  new  plugs.  Thisis 
most  prevalent  in  engines  operated  at  slow 
speeds  and  in  start -stop  driving. 

(C)  is  from  a.  cold  running  engine.  Tlie 
deposits  areuribumed  fuel. 
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"  /./^  (D)  is  from  an  engine  that  was  running  too 
'  X  ybiof  due  to  over-advanced  timing,  or  to  cooling 


i 


(syitem  blockage. 
y  (E)   is   from  an   engine  using  excessive 
amounts  of  oil.  The  -^lugis  drowned  in  oil  that  is 
bypassed  through  the  rings  or  valve  guides. 

(F)  is.  from  an  engine  that  had  severe- 
preignition  (fuel  charge  being  ignited  by  an 
overheated  plug,  piece  of  Rowing  carbon,  hot 
vaWe  eijge,  etc.,  before  the  spark  plug  fires),  and 
the  damage  shown  resulted  from  temperatures  in 
,the  combustion  chamber  in  excess  of  2,700°  F. 
The  accompanying  excessive  combustion 
chamber  pressures  .probably  damaged  other 
components  of  the  en^ne  also. 

(G)  is  from  an  ehgine  that  was  running 
The  damage  was  caused  by  -  the 
attempting    to   bend    the  center 


normally, 
mechanic 
electrode. 
(H)  is 


from  an  engine  which  had  some 


foreign  object  in  the  combustion  chamber. 

The  plugs  shown  in  (F),  (G),  and  (H),  cannot 
be  reused,  but  the  otliers  can  be  reconditioned. 

Before  attempting  to  clean  a  plug,  any^oily' 
deposits  must  be  removed  with  an  approved 
solvent.  This  is  to  prevent  the  cleaning  material 
from  being  soaked  and  packed  into  the  area 
around  the  center  electrode  insulatpr.  ' 

A  machine  of  the  type  shown  in  figure  7-16 
is  used  to  clean  (sand  blast)  and  test  the  spark 
plugs. 

^  .      Following    the    machine  manufacturer's 

operating  instructions,  clean  the  plugs,  blasting 

only  long  enougli   to  remove  the  deposits. 

Prolonged   blasting   will    damage   the  center 

electrode  insulator.  * 

Once  cleaning  is  completed,  the  electrodes 

must  be  filed  clean  and  square,  as  the  machine; 
Aq;)last  will  not  clean  this  area.  If  the  electrodes 

are  not  filed  clean,  the  required  voltage  >yill  still 
hi^  and  the  plug  may  misfire. 
Using  a  fine-cut  point  file,  file  the  end  of  the 

center  electrode  flat.  File  the  side  electrode  flat 
•    and  the  end  square.  This  produces  clean,  sharp 

edges  that  improve  plug  performance.  Remove 

only  enou^  metal  to  clean  and  square  the 

electrodes. 

Using  a  round  wire  gage,  not  a  feeler  gage, 
.  ^t  the  gap  to  manufacturer's  specifications  by 


bending  the  side  electrode. 
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Figure  7-1 6.-Spark  plug  cleaning  and  testing  machine. 


Testing  spark  plugs  outside  the  engine  can  be 
very  misleading.  There  is  no  true  relationship 
between  firing  a  plug  in  compressed  air  at  room 
temperature,  which  is  the  cpndition  in  the 
testing  unit,  and'^ring  a  plug  in  an  operating 
engine.  In  the  operating  engine,  voltages  are 
higher,  air-fuel  mixtures  are  present,  and  the 
high  temperatures  in  the  cylinders  aid  ignition.^ 
If:  these  factors  are  kept  In  mind,  spark  plugs  can 
be  successfully  tested. 

..'  Do  not  discard  plugs  which  show  a  bluish 
light  jilst  above  the  shell  while  they,  are  being 
tested.  This  is  a  corona  discharge  caused  by  the 
pVesence  of  a  higji-tension  field.  It  does  not 
affect  -plug  performance.  Make  sure  ihe  insulator- 
is  clean  a^d  dry  before  testing.  If  a  spark  comes 
through  tiie  insulator  to  the  plug  shell,  it  is  an 
indication,  that  the  insulator  is  cracked. 
Sometime^jthis  crack  is  hidden  inside  the  shell 
where  it  -cahnot  be  ^een.  In  many  casesj 
movement  of  the  insulator  can  be  detected  by 
hand  pressuR*.  . 


218 


Chapter  7~RECIPR0CATING  GASOLINE  ENGINES 


When  replacing  plugs,  selection  of  the  proper 
heat  range  is*  on,e  of  the  most  important 
considerations.  The  spark  plug  heat  rangp  best 
suited  can  be  found  by  .  checking  the 
manufacturer's  manual,  except  in  special  cases 
where  engine  operation  is  abnormal.  In  special 
"cases,  or  when  the  proper  plug  cannot  be 
obtained,  check  with  your  super/isor  to 
determine  which,  is  the  best  plug  available  for 
the  particular  engine. 

Always  use  new  gaskets,  if  gaskets  are 
required,  when  installing  spark  plugs.  The  giasket 
performs  two  important  functions-it  maintains 
a  gasti^t  seal  between  the  plug  and.its  seat;  and 
mc$t  of  the  heat  absorbed  by  the  insulator  tip 
from  the)  burning  fuel  in  the  combustion 
chamber  passes  throu^  tiie  g^^ 

When  instdling  spark  plugs,  use  a  torque' 
wi'ench  aind  tigjiten  them  to  the  torque  specified 
by  the  en^ne  mixnufacturer.  If  the  gasket  is  not 
S^tly  seated,  the  spark  plug  will  become 
overheated.  If  the  gasket  is  flattened  out  too 
much,  the  shell  may  become  distorted  and 
damage  the  insulator.;-       '  ^ 

WATERPROOF  IGNITION 
SYSTEMS 

Since  many  vehicles  must  operate  under  very 
wet  conditions,  it  may  be  necessary  to 
waterproof  the  ignition  system!  Waterpibofing 


means  that  the  system  must  be  so  watertight 
that  the  components  continue  to  function 
normally  even  while  totally  iipmersed. 

The.,  distributor  and  ignition  coil  (fig.  7-17) 
are  sealed  in  a  common  housing  aiid  enclosed  by 
a  common  cover,  This  unit  also  has  a  means  of 
ventilating  the  distributor,  thiis  preventing 
condensation  and  the  formation  ,of  harmful 
chemicals.  Ventilation  is  accomplished  by 
^connecting  two  tubes  ; to  the  distributor,  one  ' 
leading  to  the  air  cleaner  (from.  which?clean  air 
can  be  obtained)  and  the  other  to  the  intake 
manifold.  The  intake  manifold  vacuum  ^causes 
air  to  pass  through  the  distributor  from  the  air 
deaner,  tjius  -keeping  the  distributor  well 
ventilated.     -  -  ^  

The  various  leads  in  the  ignition- system  ^re 
enclosed  in  a  watertight  conduit.  Hiis  conduit 
prevent?  moisture  from  getting  to  the  leads,  thus 
preventing  insulation  deterioration  from  this 
cause.  Repair  and  maintenance  of  waterproof 
ignition  systems  is  similar  to  that  on 
conventional  systems.  The  same  tests  and  checks 
should  be  made,  buf  in  most  cases  special 
adaptets  for  usie  on- the  waterproof  connections 
^  furnished  with  the  test  equipment.  )yhen 
replacing  any  connection  ,6n  the  waterproof 
system,  make  sure  the  gaskets  and  seals  are  in 
good  condition,  and  that  waterproof  integrity  is 
maintaiiied. 


\ 
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Figure  7-17.-rWatBrproOf  ignition  system. 
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AUTOMOTIVE  ELECTRICAL 
SYSTEM  V 


LIGHTING  SYSTEM 

The  lifting  system  of  automotive  vehicles' 
includes  the  headlights,  taillights,  instrument 
lights,  the  signal  and  warning  lights,  directional 
signals,  electrical  wires  and  cables,  and  the 
source  of  electricity  (battery  or  generator).  The 
equipment  is  provided  with  the  electrical  system 
required  for  the  job  the  equiprnern:  is  designed 
to  accomplish.- TTie  most  important  b^ic  units 
of  the  lifting  circuits  are  tlie  lamps  (lights), 
switches,  and  fuses  or  circuit  breakers. 

c 

Lamps  and  Bulbs 

Light  bulbs  used  in  automotive  vehicles  are 
made  to  operate  on  6  or  12  volts,  depending  on 
the  voltage  of  the  system  used.  The  bulbs  have^a 
filament  that  becomes  incandescent  when  the 
electric  current  passes  through  it.  Bulbs  are  rate^d 
as  to  size  by^  the  can.dlepower  of  light  they 
produce.  The  greater  the  candlepower  of  the 
bulb,  the  more  current  it  requires  v^en  lighted.. 
These  ratings  are  fpund  on  the  shell  of  the  base 
of  the  bulb. 

When  the  liglit  bulbs  are  replaced  in  a 
vehide,  be  sure  the  new  bulbs  are  of  the  proper 
rating.  With  the  exception  of  the  sealed  beam 
headlights,  the  other  bulbs  within  the  vehicle 
will  be  of  the  single  or  double  contact  type. 

Sealed  Beam  Headlights 

Most  vehicles  haye  sealed  beam  headlights, 
which  are  far  superior  to  the  older  type 
hcadliglits.  Not  only  does  the  sealed  beam  li^t 
provide  far  better  and  more  powerful 
illumination  that  irailier  model  lamps,  biit  it 
maintains  its  initial  brilliancy  with  only  a  slij^l, 
loss  throughout  its  life.  This  is  because  the  lens 
is  permanently  sealed  to  the  reflector  which 
effectively  bars  moisture  (whfch  corrodes  the 
icllcctor)  and  prevents  the  entrancr-  of  dust ^ 
d»rt. 

When  a  filament  bums  out,  >  . 

must  be  replaced.  However,  it  iter 
'  filament  life  than  other  type  of  /amps  and 


requires   no   maintenance  to  keep  in  good 
condition. 

Miscellaneous  Lights 

.Ordinarily,  indirect  lighting  is  used  for  the 
instrument  lamps,  >\^ich light  >yhenever  the  light  , 
switch  is  ON.  Many  vehicles  are  equipped  with  a  — 
switch  that  controls  only  the  instrument  lights 
so  they  can  be  turned  on  or  off  when  dfesired. 
Smaller  lights  used  for  parkingfare  often  loca- 
•  ted  immediately  above  or  below  the.  headlights. 
.  Side  lighits  sometimes  serve  as  parking  lights. 

Taillights  and  stoplights  are  ordinarily  com- 
bined and  cpntained  in  a  single  housing  with  red 
lens.  A  larger  lamp  (about  15  candlepower)  is 
used  for  the  stopligjit  and  a  smaller  lamp  (about 
3  candlepower)  is  used  for  the  taUlight.  Taillights 
and  stoplights  are  sometiines  enclosed  in  a  single 
lamp  having  a  double  filament.  Taillights  light 
whenever  the  lighting  switch  is  in  any  of  the  ON 
positions.       ,        .  , 

When  the  backup  lights  are  present,  they  are 
mounted  so  as  to  direct  the  ligjit  to  the  rear  of 
the  vehicle.  They  are  wired  so  that  the  lamp  is 
lighted  whenever  the  shift  control  is  put  in  the 
reverse  position. 

Directicaial  signal  lights,  present  on.  ^If- 
propelled  automotive* equipment,  have  the  pur- 
pose of  conveying  the  operator*s  intentions  to 
turn,  by  a  flashing  signal.  A  lever  in  the  driver's 
compartment  activates  the  direction  signals. 
Another  switch  activates  all  the  directional 
lights,  ^ving  off  a  flashing  signal,' to  warn  of  an 
emergency  or  of  the  presence  of  the  vehicle. 

Circuit  Breakers, 
Switches,  and  Fuses 

Most  switches  are  placed  on  the  instrument 
panel  c'jse  -to  the  driver  or  operatqr,  and  the 
fuses  or  curcuit  breakers  can  usually  be  found 
behind  the  instrument  panel  oh  a  fuse  block: 
The  liglit  control  switch  of  tl;e  push-pull  type  is 
,  a  common  type  and  usually  controls  three 
;  circuits.  Sheruld  such  a  switch  be  replaced,  be 
sure  to  tag  the  wires  before  removing  theni^or 
change  them  from  the  old  to  the  new  switch  one 
'  at  a  time.  Removing  the  grounded  battery 
terminal  before  changing  the  switch  will  prevent , 
blowing  the  fuses:  ^ 
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Ligjit  switches  are  placed  between  the  source 
of  the  current  and  the  li^t  bulb  in  series  with 
the  circuit  they  control.  Be  sure  the  li^t  switch 
terminals  are  not  groDftided.  to  .any  part  of  the 
frame  or  body  to  which  they  are  fastened  for 
support.  If  grounded,  the  ligjits  in  the  circuit 
will  not  butn.  Stopli^t  switches,  in  which  the  < 
contacts  dose  automatically  when  the  brake 
pedal  is  depressed,  are  subject  to  grounding. 
Being  fastened  to  the  underpart  of  most 
vehicles,  they  are  easily  grounded  by  water 
splasl\ed  *up  from  the  roadbed  and  must  be 
replaced.  Before  replacing  any  ligjit  switches,  be 
sure  the  li^ts  which  are  controlled  by  the 
switch  are  properly  grounded.  Poor  groun'd 
connections  caused  by  rust  and  corrosion  are 
responsible  for  many  troubles  in  ligjitipg 
systems. 

Fuses  are  placed  in  electrical  circuits  to 
protect  wires  and  electrical' units  from  a  heavy 
flow  of  current.  Each  circuit,  or  at  least  each 
individual  electrical  system,  is  provided  with  a 
fuse  that  has  an  ampere  rating  equil  to  the 
maximum  current  required  to  operate  the  units. 
The  fuse  is  m^ade  from  a  metal  with  a  low 
.melting  poinf  and  forms  the  weakest  point  of 
-^^  the  electrical,  circuit.  In  case  of  a  short  circuit  or 
other  trouble,  the  fuse  will  be  burned  out  first 
and  will  open  the  circuit  just  as  a  switch  would 
do.  When  a  fuse  is  replaced,  be  sure  that  it  has  a 
rating  equal  to  the  one  burned  out  and  that  the 
trouble  that  caused  the  failbre  has  been  repaired. 

Wiring  Systems 

Locating  electrical  troubles  is  the  largest  task 
in  wiring,  maintaining,  and  repairing  electrical 
systems.  When  the  li^ts  fail  or  the  starter 
becomes  inoperative,  the  trouble  cannot  always 
be  found  in  a  dead  h^tter^or  a  faulty  generator,  i. 
The  troublb  may  be'due  to  other  causes,  usually 
bare  wires  or  poor  connections.  ' 
;  '  Each  piece  of -autornotive^^^equipment  is 
provided  with  an  operation  and  maihtenance 
manual.  Tb.e  manual  contains  wiring  diagrams^ 
which  wifl  aid  in  troubleshooting  and  repairing 
electrical  systems.  The  diagrams  show^^^ow  the 
electrical  units  *jn  the  equipment  ate  connected 
and  the  location  of  fuses  and  switches'  Since-the 
ASE  has  the  responsibility  for  repair. of  ;the\ 


electrical  system,  detailed  information  js  not 
giv^n  in  this  manual.  ' 

SAFETY 

Electric  shock  may  cause  unconsciousness, 
stoppa^  of  breathing,  bums  of  aU  degrees,  and 
instant  death.  If  a  current  of  60-Hz  ac  were 
passed  through  a  person  from  hand  to  hand  or 
hand  to  foot,  the  effects  of  0.1  ampere  for  1 
second  would  bc^  fatal.  You  must  understand 
and  reme^mber  that  current  (amperes)  is  the 
shock  factor  rather  than  the  amount  of  voltagp. 

When  any  electrical  equipment  is  to  be 
repaired,  the  jnain  switches  should  be  in  the 
open  position  er  the  battery  cable  should  be 
disconnected.  They  should  be  tagged  to  read 
that  the  circuit  is  broken  for  repair  purposes, 
The  circuit  should  not  be  dosed  except  by  the 
person  who  affixed  the  tag  and  only  after  the 
work  is  completed.  • 

Fuses  should  be_ removed  and  replaced  only - 
wdien  the  "circuit  is  deenergized.,  When  a  fuse 
bums  out,  it  should  be  replaced  only  with  a  fuse 
of  the  same  c  rrent  and  voltagq  rating.  Since  the 
burned  out  fise  is  often  an  indication  of  a  faulty 
■  circuit,  the  circuit  should  be  careflfully  checked 
before  making  the  replacement.     '  / 

Personnel  shoaW-  never. -work  alone  on 
high-voltagq  circuits.  The  tools  used  on  these 
circuits  should  have  rubber  insulation  on  their 
handles.  Do  not  work  on  any  type  of  electrical 
apparatus  with  wet  hands  or  while  wearing  Wet 
clothing.  Safety  shoes  mth  nonconducting  soles 
should  be  worn. 

Repair  work  on  energized  circuits  should  not 
be  undertaken  except  in  emergencies.  When  it  is 
necessary,  ample  li^i4  sh<iuld^^rovided  and 
the  worker  should  be  insulated  from  ground 
with  a  nonconducting  material  such  aS  dry  wood 
.or  ru,bber  matting.  The  worker  should  use  only 
t)ne  hand  to  work  on  the  circuit' and' keep  th? 
other  hand  away  from  the  energized  circuit. 

Navy  specifications  for  portzEble^  tools 
require  that  the(  electric  cord  fOi  such  fools  1)6 
provided,  with  a  distinctively  marked  ground 
wire  in  addition  to  the  conductors  for  supplying 
power  to  the  tool.K)ne  end  of  the  ground  wire 
must  be  connected  to  the  tool  housing  and  the 
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other  end  must  be  'connected  to  ground. 
SpeciaUy  designed  ground-type  plugs  and 
receptacles  that  automatically  make  this 
connection  when  the  plug  |s  inserted  in  the 
receptacle  must  be  used. 

The  principal  hazard  in  workir^  with  and 
around  batteries  is  the  danger  of  acid  bums  from' 
spillage  of  the  electrolyte.  Proper  care  in/dling 
and  handling  batteries  will  eliminate  this  danger. 
Eyeshields,  i^bb^Tygloves,  rubber  aprons',  and 
rubber  boots-  '.vith  nonskid  soles  should  be  worn 
when  batteries  are  being  refilled.  Eyeshields 
should  be  worn  yhen  working  around  a  battery 
to  prevent  aayvppssibility  of  acid  bums  to  the 

There  is  danger  of  explosion  from  the 
hydrogen  gas  that  is  given  off  when  batteries  are 
charged.  The  charging  should  take  place  outside 
or  in  .  a  well-ventilated  room.  No  open  flame' 
should  be  permitted  near  the  charging  operation. 
^Caution  should  be  taken  to  prevent  any  spark 
lear  a  battery  at  any  time. 


FUEL  SYSTEM 

The  fuel  system  (fig.  7-18)  consists  of  a  fuel 
tank,  fuel  pump,  carburetor,  intake  manifold, 
and  fuel  lines  or  tubes,  connecting  the  tank,- 
pump,  and  carburetor.  • 

TThe  fuel  system  supplies  to  the  engine 
cylinders  a  combustible  mixture  of  gasoline  and 
air.  It  stores  the  gasoline  in  liquid  form  in  a  fuel 
tank,  then  converts  this  liquid  into  a  vapor  and 
mixes  it  with  air.  Tli^.  mixture  enters  the.engine 
cylinders  on  the  intake  strokes;  it  is  then 
compressed  and  ignited.  In  bumirvg,  the  fuel-air 
mixture  increases  in  temperature,  ;|Vyiiich  causes 
it  to  expand,  and  a  high  pressure  is  therefore 
produced  in  the  engine  cylinders.  This  pressure 
forces  the  pistons  downward  on  the  power 
strokes.  The  fuel  system  must  vary  the 
proportions  of  airland  gasoline  for  different 
operating  conditionsN^r  normal  running  with  a 
warm  engine,  the  propel)  mixture  ratio  is  about 
15  pounds  of  air  tp  1  pound* of  gasoling^.  But  for 
initial  starting  with  aj:old  engine,  a  jnuch  richer 
mixture  is  needed:  the  mixture  does  not  bum  as 
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Figure  7-18.— Fuel  system  for  a  ga..;  !ine  engine. 
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readily  in  a  cold  engine,  and  the  gasoline  does 
not  turn  to  vapor  so  readily.  Also,  when 
accelerating,  or  during  high-speed  or  fulMoad 
operation,  a  richer  mixture  is  required.  Richness 
here  means  a  higher  proportion  of  gasoline;  a 
mixture,  of  9  pounds  of  air  to  1  pound  of 
gasoHne  would  be  a  rich  mixture.  The  opposite 
of  richness  is  leanness.  A  1 5  to  1  mixture  ratio 
would  be  a  relatively  lean  mixture.  ^ 
Some  gasoline  engines  use  a  fuel-injection 
fuel  system.  With  the  injector  system,  a  pump 
delivers  fuel  to  a  fuel  injector.  The  injector  then 
injects  the  proper  arnount  of  fuel  into  the  intake 
manifol^d  during  the  intake  stroke. 

STORAGE  • 

On  passenger  vehicle^  the  fue  tank  is 
generally  mounted  in  the  rear^of  the  chassis.  On 
trucks  it  is  generally  installed  unde  or  behind 
the  driver's  seat  or  behind  or  to  thj  side  of  the 
cab.  ' 

Figure  7ri9  illustrates  the  general 
construction  o*f  a  fuel  tank.  Most  fuel  tanks  are 
of  similar*  construction.  Tliey  are  usually  made 
of  thin-gage  tinned  m(5tal  and  have  an  inlet  or 
filler  pipe  and  an  outlet.  Tlie  outlet,  with  a 
fitting  for  the  fuel  line  connection,  may  be  in 
the  top  or  side  of  the  tank.  The  lower  end  of  the 
oj.itlet  pipe  is  placed  about  one-half  inch  from 
the  bottom  of  the  tank  so  that  any  sediment 
which  collects  in  the  tank  will  not  be  carried  to 
the  carburetor.  Baffle  .plates  may '  be  placed 
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Figure  7-19,-Fuel  tanWitt\tbp  cutaway. 


inside  the  tank  to  reinfbjce  the  sides  an(^  bottom 
and  to  prevent  the  fuel  from  surging  or 
splashing.  A  drain  plug  is  placed  in  the  bottom 
so  that  the  tank  can  be  drained  and  cleaned. .The 
fuel  tank  must  be  equipped  with  an  air  vent. 
This  vent  is  usually  located  in  the  cap  of  the' 
inlet  pipe.  .  • 

Some  vehicles,  especially  heavy  duty  ones, 
have  more  than  one  tank,  pn  these  the  auxiliary 
tanks  are  interconnected,  and  each  has  a  shutoff 
valve,  so  that  the  flow  of  fuel  from  one  or  more 
of  the  tanks  may  be  turned  off. 

Fuel  tanks  give  Httle  or  no  trouble,  and  as  a 
rule  require  no  servicing  other  than  an 
occa^nal  draining  and  cleaning.  Hov/eyor,  if 
they  are  punctured  or  develop  leaks,  they  should 
not  be  welded  or.  re  paired  with  or  near  an  open 
flame  until  all  traces  of  fuel  and  fuel  vapors  have 
been  completely  removed  from  the  tank. 

The  fuel  GAGE  is  a  signaling  system  which 
^  indicates  the  amount  of  fuel  in  the  tank.  Most 
fuel  gages  are  electrically  operated  and  are ' 
composed^?  two  units:  the  gage  itself,  which  is  * 
mounted  on*  the  instrument  panel  of  the  vehicle; 
and  the  sending  unit,  which  is  mounted  on  the 
fuej  tank. 

/An  electrical  fuel  gage  normally  operates 
only  wlien  the  ignition  switch  is  turned  on. 
There  are  two  types  of  electrically  operated 
gdges;,|the  balance  coil  anid  the  thermostatic. 

The  tank  unit  of  the  Balancing  coil  type  of 
fuel  gage  has  a  float  and  arm  assembly  connected 
^o  a  sliding  contact.  See  Fig.  7-20.  As  the 
fuel  level  in  the  tank  changes,  the  position  of  the 
contact  changes  on  a  rheostat  winding  thus 
varying  circuit  resistance  and  resulting  current 
flow.  The  unit  on  the  instrument  panel  contains 
two  magnetic  coils  (limiting  coil  and  operating 
coil),  and  a  permanent  magnet  wh^ch  is  attached 
to  the  gage  needle.  Wh(m  the  fueftank  is^^mpty, 
the  limiting  coil  is. stronger  than  the  operating 
coil;  thus  the  magnet  is  drawn  toward  it  and  the 
needle  reads  at  *'E"  (empty)  on  the  gage.  As  the 
tank  is  filled,  the  operating  coil  becomes 
stronger,  attracting  the  ma^et  and  moving  the 
needle  toward  the  "F"  (full)  position. 

^The  thermostatic  gage  operates  by  the 
heating  of  bimetallic  thermostatic  blades  which 
are  located  in  the  sending  unit  and  in  the  gage. 
See  fig.  7-21.-  When  the  tank  is  empty,  the  two 
contacts  in  the  sending  unit  are  just  touching 
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each  other.  Current  flows  through  the  resistance 
heater  wires  of  both  gage  and  sending  units;>^ 
causing  the  bimetallic  blades  to  bend.  Bending 
of  the  blade  in  the  sending  unit  sepa-.-ates  the 
contacts  to  break  the  circuit.  ITie  heater  wire 
cools  wher^^^htgcurrent/stops  flowing,  and  the 
bimetaitc^^blade^«ftum  tg  their  original 
positiota.  Contact  is  again  made,  and  the  cycle  of 
operation  is  repeated  approximately  every 
second^  Opening  and  closing  of  the  contacts  give 
an  intermittent  flow  of  current  which  does  not 
heat  the  gage  blade  enough  to  bend  it.  The  blade 
then  holds  the  pointer  at  the  empty  .reading. 
When  the  tank  is  full,  the  float  is  at  the  top.  In 
this  position,  the  cam  pushes  the  grounded 
contact  against  the  Insulated  bimetallic  contact,' 
bending  the  bimetallic  blade  in  the  sending  unit^ 
Since  the  blade  is  then  under  a  strain,  the 
current  must  flow  longer  to  bend  it  enough  to 
open  the  contacts.  The  longer  flow  of  current 


will  then  cause  a  bending  oCthe  bimetallic  blade 
in  the  gafge  unit;  the  bending  of  the  blade  forces 
the  pointer  over  to  the  full  position.  ' 

HLTER 

The  purpose  of  the  filter  is  to*^remove  dirt 
and  foreign  matter  from  the  gasoline.  The  filter 
may  be  located  between  the  tank  and  fuel  pximp 
,or  between  the  fuel  pump  and  carburetor.  The 
filter  (fig.  7-22)  i^  an  mtegrah  part  of  the  fuel 
p  imp;  In  a  pump  of  this  type,  fuel  enters  the 
gjass  bowl  and  passes  up  through  the  filter 
screen  before  flowing  througji  the  outlet.  Any 
water  or  dirt  caugfit  by 'the  screen  falls  to  the 
bottom  oi  the  bowl,  from  which  it  can  be 
removed. 

Another  type  of  filter  is  made  of  a  series  qf 
laminated  discs  placed  withiri  a  large  bowl  which 
acts  as  a  settling  -chamber  for  the  fuel  and 
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Figure  7'22.-Cross  section  of  a  fueli  ^ump  with  a  filter  bowl. 
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encipses  the  discsLJ)r  strainer  assembly  (fig. 
7-23).  Some  commercial-type  vehicles  use  filters 
with  ceramic  elements.  The  metal  disc  is  the 
type  commonly  used  in  Navy  vehicles. 

.       /  • 

PUMP 

A  fuel  pump  delivers  the  fuel  requirements 
of  the  engine  under  all  operating  conditions.  The 
fuel  is  pumped  from  the  tank  to  the  carburetor. 
Figure  7-22  shows  a  sectional  "iew  of  a  typical 
fuel  pump:  . 

.  Not  only  must  the  fuel  pump  deliver  enough 
"fuel  to  supply  the  iequiremx-*nts  of  the  engine, 
but  it  must  also  maintain  £  proper  pits&ure  in 
the   line   between   th^.  fuel  pump  and  the 
carburetor.  .  ^ 

Excessive  fuel-pump  pressure  holds  .the 
carburetor  float  needle  rff  its  seat,  causing  a 
hi^i  gasoline  level  in  the  rloat  chamber,  whichin 
tirn  increases  gasolin .  consumption.  Too  low  a 
fuei-pump  pressun-  may  cause  an  insufficient 
fuel  flow  into  tLe  carburetor  and  cause  airlocks 
'to  occur  in  the  fuel  lines.  Air  in  the  fuel  line  will 
interrupt  th^  flow  of  ^uel  to  the  carburetor 
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Figure  7-23.-FMel  filter. 


resulting  in  .engine  power  loss, or  operation 
failure.  Tlie  average  fuel-pump  operating 
pressure  will  vary  from  3  to  5  psi.  The  pump 
should  be  tested  periodically  to  ensure  proper 
operating  pressure. 

During  the  suction  stroke  of  a  mechanical 
fuel  pump,  the  rotation  of  an  eccentric  on  the 
camshaft  moves  the  pump  operating  arm  which 
pulls  the  diaphragm  lever  and  the  diaphragm 
downward.  This  downward  motion  against  the 
pressure  of  the  diaphragm  spring  produces  a 
vacuum  in  the  pump  chamber..  The  vacuum- 
holds  the  outlet  valve  closed,  pulls  the  inlet  valve 
open,  and  .draws  the  fuel  from  tlie  supply  tanJc^-. 
The  fuel  flows  through  the  inlet,  up  through  the 
filtei  screen,  and  dovm  through  the  inlet  valve 
into  Uie^pump  chamber.  During  the  return^ 
stroke,  the  diaphragm  ,  is  force^  up  by  the 
diaphragm  spring,  the  inlet  valv^, closes,  and  the 
outlet  valve  is  forced  open.^Fhis  action  allows 
the  fuel  ;t6  fflow  through/ the  outlet  •  to.  the 
carburetor. 

The  diaphragm  operating  lever  is  hinged  to 
the  pump  arrti  at  the  arin  pivot.so  thatit  can  be 
m-jved  down  but  cannot  be  raised  by  the  pump 
arm.  The  pump  arm  spring  makes 'the  arm  follow 
the  cam  without -moving  the  lever.  The  lever  is 
moved  upward'  only  by  the  diaphragm  spring. 
The  pump,  therefore,  (lelivers- fuel  to ^^^  t^^^^ 
carburetor  onfy  when  the  fuel  pressure  in  the 
outlet  is  less  than  tne  pressure  maintained  by  the 
diaphragm  spring. /lliis  condition  arises  A^hen  the 
fuel  passage  from/the  pump  into  the  carburetor 
float  chamber  i^pen  and  the  float  needle  valve 
is  hot  seated;-  Trie  carburetor  float  and  needle 
valve  control  thte  fuel  level  in  the  carburetor. 
The  domc-shapdd  air  chambetia^  Added  to  the, 
pump  .to  smooth 'dut;thc  pulsatioiji  (surging)  of 
fuel  being  pum^d. 

^Fiiel  pumps  are  classified  as  positive^  and 
nonpositive  diaphragm.  The  positive,  type 
continues,  tol  pump  fuel  even  when  the 
carburetor  bowl  is' filled  and  requires  a  method 
of  bypassing/the  fuel  back  to  the  tank.  The^ 
nonpositive  diaphragm  pump  is  the  one  usually" 
found  in  fhel  gasoline  engine.  It  delivers  fuel  to 
the  ^carburetor  only  when  it  is  needed  for  the 
requirements^  of  the  engine.  The  diaphragm  in 
this  pump  Is  a  vibrating  disc  that  cause§  the 
pumping  action^  '  . 
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The  sin action  pum^.  ach  as  that  just, 
described,  may  be  actuated  mechanically.  But 
somcv  especially  on  large  engines^  operate 
electrically.  Such  pumps  contain  a  flexible  metal 
bellows  operated  by  an  electromagnet.  As  the 
bellows  expands,  fuel  from  the  tank  enters 
throuf^i  the  inlet  valve..  When  the  bellows 
collapses,  the  fuel  is  forced  throu^  the  outlet 
valve  and  to  the  carburetor.  A' few  electrically 
operated  fuel  pumps  function  with  an  electric 
motor,  which  is  installed  in  a  fuel  pump  housing 
in  the  bottom  of  thu  fuel  tank,  or  externally 
from  the  fuel  tank.  -  ^ 

Repair  kits  are  provided  for  overhauling  fuel 
pumps.  The  diaphragm,  composed  of  several 
layeis  of  specially  treated  cloth  which  is  not 
affected  by  gasoline,  will  wear  and  need 
replacing.  Excessive  wear  in  the  operating 
linkages  will  prevent  proper  pumping  action. 
New  diaphragms,  replacement  parts,  and  small 
washer  and  spring?  needed  for  the  valves,  will  be 
found  in  the  rcp5<ij[pkiJ^ 
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-  A  pump  action  tester  or  analyzer  will  show 
whether  the  amount  of  fuel  pumped  is  sufficient 
for  smooth  engine  operation.  If  an  analyzer  is 
not  available,  remove  the  pump  from  the  engine 
and  install  a  rubber  hose  on  the  inlet  and 
another  rubb<5r  hose  on  the  outlet  jof  the  pump. 
Place  the  find  of  the  inlut  hose  in  i  container  of 
gasolineT'Movnffe^  lever  or  rocker  arm  in  and 
out,  watching  vviiether  Ihe  flow  of  gasoline  at 
the  outlet  hose  is  free  and  sufficient. 

Some,  pumps  have  vacuum  boosters  (fig. 
7-24)  built  into  jhem  to  provide  for  positive 
operation  of  the  windshield  wiper  at  all  times. 
These ,  boosters  overcome  ^any  failure  of  the 
wipeis-on  acceleration  and  on  full  throttle.  They 
operate  the  wiptjrsi  only  when  the  manifold 
vacuum  itself  is  not.  sufficient  to  maintain 
action.  Thu  booster  unit  diaphragm  is  pushed  up 
\\dien  the  rotation  of  the  camshaft  eccentric 
moves  the  rocker  arm  and  expels  air  through  the 
exhaust  valve-.  On  the  return  strolce  of  the  focker 
arm,  a  spring  moves  the  diaphragm  down, 
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Figure  7-24.— Fuel  pump  >yith  vacuum  booster. 
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creating  a  vacuum  in  the  pump  chamber.  This 
vacuum-  keeps  the  windshield  wipers  operating 
normally  when  the  throttle  is  wide  open.  When 
the  wipers  are  not  being  used,  the  vacuum  holds 
the  diaphragm  up  against  spring  pressure  so  that 
it  is  not  fully  pushed  yp  at  each  rocker  arm 
movement. 

Several  types  of  electric  pumps  are  used. 
One  type,  the  Autopulse,  makes  use  of  a  metal, 
bellows  which  is  expanded  by  a  solenoid  when 
the  unit  is  turned  on;  This  action  draws  gasoline 
from  the  fuel  tank  into  the  bellows.  As  the 
bellows  reaches  its  limit  of  expansion,  electrical 
contacts  in  the  solenoid  are  tripped  open  and 
the  sol  enoid  re  leases  the  bellows.  This 
contraction  closes  th^  intake  valve  in  the  pump 
arid  opens  the  outlet  valve.  Gasoline  in  the 
bellows  is  forced  througli  the  outlet  valve  to  the 
carburetor. 

A  second  type  of  electrical  fuel  pump  is 
operated  by  an  .electric  motor.  The  complete 
assembly  is  installed  in  a  fuel  pump  housing  in 
the  fuel  tank.  The  motor,  as  it  runs,  drives  a  pair 
of  gears  or  a  small  impeller  that  pumps  the  fuel 
to  the  carburetor. 

Fuel  lines  connecting  the  various  units  of  the 
fuel  system  are  usually  made  of  drawn-copper 
tubing.  However,  copper  tubing  is  being  replaced 
by  rolled-steel  tubing  |^hich  is  rust -proofed  by 
copper  or  zinc  plating.  You  can  learn  aboiit 
cutting  and  fitting  tubing  in  Tools  and  Their 
Uses.  NAYEDTRA  10085  (Series).  Three  kinds 
of  fittings  are  shown  in  figure  7-25.  These  are 
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Figure  7-25.— Types  of  fittings  used  on  fuel  tines. 


the  flared,- compression,  and  soldered  types.  Of 
the  three,  the  flared  fitting  is  most  common. 

Fuel  lines  are  placed  away  from  exhaust 
pipes,  mufflers,  and  manifolds  so  that  excessive 
heat  will  not  cause  vaporlocks.  They  are 
attached  to  the  frame,  engine,  and  other  units  so 
that  the  effects  of  vibration  will  be  minimized. 
Fuel  lines  should  be  free  of  contact  with  sharp 
edges  which  might  cause  wear.  In  places  of 
excessive  movement,  as  between  a  vehicle  frame 
and  rubberTmounted  engine,  short  lengths  of 
gasoline-resistant  flexible^  tubing  are  used. 
Occasionally,  road  vibration  may  loosen  and 
"break  the  lines,  or  they  could  become  pinched 
or  flattened  by  flying  rocks.  Such  damage  Could 
interfere  with  the  flow  o.f  the  fuel. 

A  certain  amount  of  scale  forms  within  the 
line  tubes  and  sometimes  causes  a  stoppage.  If- 
this  condition  occurs,  blow  the  tubes  clear.with 
.low-pressure  compressed  air. 

CARBURETOR 

The  principles  of  carburetion  will  be 
discussed  here  so  that  trainees  may  better 
understajid  the  workings  of  a  carburetor  and 
how  the  other  components  of  the  fuel  system 
function  to  provide  a  conibustible  mixture  of 
fuel  and  air  to  the  engine  cylinders. 

Air  is  composed  of  various  gases,  mostly 
nitrpgen  and  oxygen.  These  gases  are,  in  turn, 
made  up  of  tiny  particles  called  molecules.  All 
substances,  whether  solid,  liquid,  or  gas,  are 
made  up  of  molecules.  In  solids,  such  as  ice  or 
iron,  the  particles  are  held  Very  closely  together 
so  that  they  seem  to  have  no  motion.  In  liquids, 
the  molecules  are  not  held  together  so  tightly,  so 
they  can  move  with  respect  to  each  other.  In 
gases,  there  is  still  less  tendency  for  the 
molecules  to  hold  together  and  the  molecules 
can  therefore  move  quite  freely.  The  molecules 
of  a  gas  are  attracted  to  the  earth  by  gravity,  or 
by  their  weight.  It  is  the'combined  weight  of  the 
countless  molecules  in  the  air  that  make  up 
atmospheric  pressure. 

When  a  liquid  changes  to  a  vapor,  it  has 
evaporated.  When  this  happens,  molecules  of  the 
liquid  move  from  the  liquid  into  the  air.  As  this 
continues,  the  liquid  disappears  from  its 
container  and  appears  as  vapor  in  the  air.  The 
rapidity  of  evaporation  varies  with  a  number  of 
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factors.  One  of.  these  is  the  volatility^  of  the 
^  liquid.  Others  include  temperature/  total 
'  pressure  above  the  liquid,  and  amount  of  liquid 

4hat  has  already  evaporated  into  the  air  above 

the  liquid. 

When  a  substance  is  heated  the  molecules 
move  faster.  This  is  true  regardless  of  whether 
the  molercules'are  in  a  solid,  liquid,  or  gas  form. 
In  other  wor43,  the  rate  of  evaporation  ixicreases 
.  with  increased  temperature.  This  action  can  be 
seen  m  the  process  of  boiling  water. 

When  there  is  little  gas  (atmospheric) 
pressure  above  the  liquid,  the  molecules  can 
escape  from  the  liquid  more  easily  than  when 
the  pressure  is. high.  This  is  to  say  that  liquid  in  k 
partial  vacuum  will  evaporate  more  rapidly  than 
the  same  liquid  under  pressure.  ^ 

I 

If  the  evaporation  is  taking  place  in  a  closed 
chamber,  as  for  instance  in  .  jar,  evaporation  of 
the  liquid  will  soon  stop,  ^ he  closed  space  above 
the  liquid  will  soon  become  "filled"  with 
escaped  molecules.  These  escaped  molecules  are 
in  motion,  just  as  all  other  molecules  are 
moving.  Some  of  the  escaped  molecules  will  be 
knocked  back  into  the  liqCiid.  This  action 
balances  the  escapes  so  that  for  every  molecule 
that  leaves  the  liquid,  a  molecule  will  reenter  the 
liquid.  As  a  result,  a  state  of  balance  exists  and 
evaporation  can  be  said  to  have  stopped. 

Vojatility  refers-to  the  ease  with  which  a 
liquid  vaporizes.  A'  highly  volatile  liquid 
'evaporates  very  rapidly.  A  liquid  of  low 
volatility  evaporates  slowly.  Gasoline  is  a 
mixture  of  several  different  fuels  with  varying 
degrees  df  volatility.    .  . 

Atomization  means  breaking  a  liquid  into 
very  tiny  particles  or  globules.  Atomization 
helps  to  turn  a  liquid  into  a  vapor.  If  a  spoonful 
of  gasohne  is  put  into  a  pan,  several  seconds  are 
req,uired  f6r  it  to  evaporate,  the  length  of  time 
depending  on  temperature,*  volatility,  and 
k  pressure.  .However,  if- this  spoonful  . of  gasoline  is 
put  imo'  an  ordinary  spray  gun  (fig.  7-26)  the 
gasblineMsJixi)ken  into  a  fine  mist  when  the  gun 
is  operated,  and  this  mist  turns  almost  instantly 
into  vapor.  The  reason  for  this  is  that  a  much 
greater  area  of  the  liquid  is  exposed  to  air  when 
the  gasohne  is  atomized.  Evaporation  takes  place 
from  all  f  surfaces  and  increases  with  greater 
surface  area. 
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Figuro  7-26.-Spray  gun. 

A  venturi  is  an  hourglass-shaped  restriction. 
In  the  carburetor  (fig.  7-27)  a  venturi  is  placed 
^  in  the  air  horn  tlirough  which  the  air  must  pass 
on  its  way  to  the  intake  manifold  and  the  engine 
cylinders.  The  purpose  of  the  venturi  is  to  create 
a  partial  vacuum  (pressure  ^  less  than 
atmospheric)  at  th^'  outlet  of  the  nozzle.  This 
will  permit  the  atmospheric  pressure  on  the 
surface  of  the  gasoline  in  the  float  bowl  to  force 
the  :  gasoline  out  through  the  nozzle.  Tills 
gasoline  tlien  sprays  and  atomizes  in  the  passing 
air  to  form  the  fuel-air  mixture. 

Venturi  action  and  the  basic  principles  of, 
carburetipn  have  just  been  discussed-.^  Several 
controls  and  circuits  must  be  added  to  the 
simplified  carburetor  shown  in  figure  7-27  for  it 
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Figure  7«27.— Simplified  carburetor. 
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to  vary  the,fuel-air  ratio  for  different  operating 
conditions.  These  controls  and  circuits  include 
the  accelerating  system,  which  momentarily 
enriches  the  mixture  for  improved  acceleration 
when  the  tiirottle,  is  opened;  the  maximum 
power_circuit,  which  enriches  the  mixture  when 
the  throttle  is  opened  wide  for  high-speed  or 
full-speed  operation;  the  float  system,,  for 
keeping  a  constant  level  of  gasoline  in'  the 
carburetor  bowl;  the  idling  circuity  for  supplying 
an  enriched  mixture  during  engine  idling. 


Throttle 

The  throttle  is  a  device  in  the  carburetor 
that  is  used  to  vary  the  amount  of  fuel-air 
mixture  that  enters  the  intake  manifold.  This  is 
necessary  so  the  speed  of  the  engine  can  be 
chani^ed.  The  throttle  valve  (fig.  7-28)  is  simply 
a  round  disc  mounted  on  a  shaft  sO  it  can  be 
tilted  at  various  angles  in  the  carburetor  throttle 
valve  bbdy.  When  it  is  parallel  to  the  airflow,  it 
offers  almost  no  restriction  and  a  full  volume  of 
fuel-air  mixture  can  pass  into  the  iptake 
manifold.  The  throttle  valve  is  connected  by  a 
linkage  to  the  throttle  control  (accelerator  pedal 
and  hand  throttle)  in  the  driver's  compartment. 


Float  Circuit 

The  Hoat  circuit  maintains  the  fuel  level  in  . 
the  carburetor  bowl  at  a  constant  level  during 
engine  operation.  (See  fig.  7-29).  The  Hoiit 
circuit  automatically  permits  fuel  to  How  into 
the  bowl  when  the  fuel  level  drops  below  a 
predetermined  level,  and  shuts  off  the  supply  of 
fuel  when  the  level  exceeds  the  specified  height. 
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Figure  7-28.— Simple  carburetor  with  tHVottle  valve. 


VENT  NECOLE  VALVE  ". 


Up-and-down  movement  of  the  Hoat  on  the 
fuel  controls  the  fuel  supply  by  means  of  a 
needle  valve  and  seat. 

Hoat  level  must  be  set  with  accuracy  in 
accordance  with  the  manufacturer's 
specifications.  If  the  fuel  level  is  too  low, 
insufficient  fuel  will  be  supplied  to  the  jets,  and 
engine  performance  will  be  sacrificed.  On  the 
other  hand,  if  the  fuel  level  is  tpo  high,  excessive 
fuel  will  reach  the  jets.  In  fact,  fuel  may 
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Figure  7-29. -A  typical  float  circuit. 


continue  to  fiow  from  the  jets  when  the  engine 
is  stopped.  In  actual  operation,  the  float  and 
needle  valve  maintain  a  position  that  pennits  the 
fuel  cotning  in  to  just  balance  the  fuel  that  is 
fiowing  to  the  jets. 
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Low-Speed  Circuit 

When  the  throttle  is  almost  closed,  there  will 
be  very  little  air  passing  througli  the  venturi. 
Therefore,  there  will  be  very  little  vacuum  at  the 
venturi  and  the  fuel  nozzle  will  not  discharge 
any  appreciable  amount  of  fuel.  Without  some 
additional  circuit  to  assure  fuel  delivery  with  a 
closed  throttle,^  the  engine  would  stop.  The 
circuit  that  takes  care. of  fuel  delivery  during 
closed  or  nearly  closed  tlirottle  is  called  the  idle- 
and  low-speed  circuit  (fig.  7-30).  Actually  in 
some  respects,  this  is  really  twQ  circuits;  an  idle 
circuit  and  a  low-speed  circuit. 

^When  the  .throttle"  is^  closed,  there  is  a 
relatively  hi^h  vacuum  tn  the  intake  manifold 
and  below  the  throttle.  The  idle  circuit  has  u 
discharge  port,  or  hole,  that  is  just  below  the 
throttle  valve  when  it  is  closed.  With  a  closed 
throttle,  there  is  a  vacuum  in  the  intake 
manifold  and,  therefore,  at  the  discharge  hole. 
Atmospheric  pressure  in  the  float  bowl  will 
force  fuel  from  the  float  bowl  through  the  idle 
circuit  and  out  the  discharge  hole.  An  adjustable 
needle  valve  is  arranged  to  permit  more  or  less 
fuekto  discharge  from  the  hole;  this  makes  it 
possible  to  adju^  the  idhng  mixture  richness  by 
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Figure  7-30.— A  simplified  idle-  and  low-speed  circuit. 


allowing, more  or  less  fuel  to  discharge  during 
idle. 

An  air  bleed  is  arranged  to  allow  air  to  bleed 
into  the  idle  circuit  when  it  is  operating.  This  air 
mixes  with  the  fuel  and  partly  atomizes  it  before 
it  discharges  from  , the  hole  into,  the  air  horn. 
Some  such"  assistance  is  needed  because  air 
movement  tlirough  the  horn  is  much  slower  and, 
therefore,  there  if  less  tendency  for  atomization 
to  take  place  at  the  hole  during  idle:  The  air 
bleed  also  helps  to  produce,  fuel  flow  when 
pressure  differences  (between  upper  and  lower 
portions  of  the  air  horn)  are  low;  the  mixture 
flows  easier  than  liquid  alone. 

When  the  throttle  is  opened  a  Uftle,  the 
, airflow  is  still  too  restricted  for  the  venturi  to"^ 
discharge  fuel.  Yet  more  air  is  flowing  and, . 
consequently,  <nore  fuel  must  discharge.  The 
idle-circuit  discharge  hole  alone  cannot  supply 
this  additional  fuel.  To  supply  the  additional 
fuel,  needed  for-  this  low-speed  operation,  an 
additional  hole  (low-speed  discharge  hole  or 
port)  is  included  in  the  idle  circuit.  This  hole  is 
so  placed  that  it  is  slightly  above  the  edge  of  the 
throttle  valve  when  it  is  closed,  but  slightly 
below  the  edge  of  the  throttle  \^  e  when  it  is 
opened  a  small  amount.~In  this  la:i.er  position, 
intake  manifold  vacuum  can  act  on  the  ^ 
low-speed  hole  and  therefore  supply  additional 
fuel  from  the  bowl  ^h:*ough  the  circuit.  The 
same  circuit  is  used  by  both  the  idle-  and ' 
low-speed  holes.  The  low-speed  hole  simply 
permits  more  fuel  to  discharge  into  the 
throttle-valve  body  as  the  throttle  is  swung  away 
from  the  fully  closed  position. 

Higli-Speed  Circuit  ,  ' 

The  high-speed  circuit  consists  essentially  of 
the .  main  nozzle,  which  is  centered  in  the 
venturi.  The  carburetor  normally  contains  a 
multiple  venturi;  that  is,  several  venturi,  one 
inside  another.  When  the  throttle  is  opened"^ 
sufficiently,  the  air  passing  through  creates  a 
pressure  difference  which  causes  a  di$charge  of 
fuel  from  the  nozzle.  Throughout  the 
intermediate  and  high-speed  range,  this  discharge 
increases  with  the  volume  of  air  passing  through 
so  that  a  fairly  uniform  fuel-air  mixture  ratio  is 
maintained.- Assisting  in  maintaining  this  fa^irly 
constant    ratio    is    an    nir   bleed    which  is 
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CHANNEL  VACUUM 


VACUUM  PISTON 


Figure  7-31.— Power  jet  full  Toad  circuit. 


81.88 


incorporated  in  the  nozzle.  With  increased 
airspeed  through  the  venturi,  increased  air 
bleeding  into  the  main  nozzle  takes  place, 
preventing  over-richness.  Note  the  air  bleeds  in 
figures  7-31  and  7-32. 

The  high-speed  and  low-spetd  circuits 
overlap.  As  the  throttle  is  moved  from  closed  to 
opened  position,  for  example,  the  idle  low-speed 
and  higli-speed  circuits  successively  take  over  the 
main  job  of  supplying  fuel.  With  a  closed 
throttle,  the  idle  discharge  hole  alone  supplies 
fuel.  As  the  throttle  is  opened  so  its  edge  moves 
past  the  low-spej2d  hole,  the  low-speed  hole 
begins  to  discharge  fuel  to  meet  the  added, fuel 
requirements  of  the  engine  as  engine  speed 
increases.  As  the  throttle  opens  still  wider,  the 
additional  and  faster-moving  air  through  the  air 
horn  begins  to  produce  fuel  discharge  from  the 
main  nozzle.  As  the  main  nozzle  takes  over,  the 
low-speed  discharge  hole  is  closed. 

The  carburetor  is  so  designed  that  the 
fuel-air  ratio  of  the  mixture  supplied  with  an 
open  throttle  provides  economical  operation. 
. This  ratio  is  somewhere  around  1 5: 1 ,  by  weight. 
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Figure  7-32.— Metering  rod  full  load  circuit. 
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If  the  mixture  is  enriched  to  around  1 1 : 1  or 
12:1,  the  engine  will  produce  greater  power, 
even  though  it  will  not  run  quite  as 
eSbnomically.  To  increase  engine  power  fqr/ 
high-speed  or  heavy-load  operation  (as  when 
pulling  up  a  hill),  and  still  maintain  reasonable 
economy,  an  additional  circuit  is  included  in  the 
carburetor  which  enriches  the  mixture  with  a 
wide-open  throttle.  This  is  known  as  the 
.fulVload  high-speed  circuit  and  may  be- one  of 
several  types.  ^ 

POWER  JET.-In  some  carburetors,  a  power 
jet  provides  the  additional  fuel  necessary  for 
maximum  power  at  wide-open  throttle.  The 
power  jet  valve  i(fjg.  7-31)  controlled  by  a 
vacuum-actuated  piston  assembly,  operates  in 
accordance  with  the  throttle  opening.  With  the 
throttle  closed,  a  high  manifold  vacuum  is 
present,  and  the  vacuum-controlled  piston 
assembly  is  moved  by  atmospheric  pressure  in 
the  float  chamber  to  the  top  of  its  cylinder 
against  the  tension  of  a  spring,  closing  the  valve. 
When  the  throttle  is  opened  to  a  point  where 
additional  fuel  is. required,  the  manifold  vacuum 
has  decreased  sufficiently  so  that  the  spring  on 
the  piston  assembly  moves  the  piston  down, 
thereby  opening  the  power  jet  to  feed  additional 
fu^l  into  the  high-speed  circuit.  The  jet  valve  is 
sometimes  referred  to  as  the  economizer  valve 
since  its  Operation  provides  full  power  operation 
where  needed  and  more  economical  operation  at 
other  times. 

METERING  ROD  .-Instead  of  using  a  power 
jet,  some  carburetors  accomplish  the  same  result 
by  employing  a  metering  rod  which  varies  the 
size  of  the  high-speed  jet  openings.  Fuel  from 
the  float  bowl  is  metered  to  the  high-spcet' 
Circuit  through  the  calibrated  orifice  provided 
by  the  high-speed  jet .  and  the  metering  rod 
within  it.  From  this  point,  the  fuel  is  conducted 
to  the  nozzle  extending  into  the  venturi.  As  the 
throttle  valve  is  opened,  its  linkage  raises  the 
metering  rod  in  the  jet.  See  Fig.  7-32. 

The  rod  has  several  steps,  or  tapei*s, 
machined  on  the  lower  end,  and,  as  it  is  raised  in 
the  jet,  it  makes  the  effective  size  of  the  fuel 
orifice  greater,  permitting  more  fuel  to  flow 
through  the  circuit  to  meet  the  load- demand 


imposed  u'pon  the  engine.  At  the  wide-open 
throttle  position,  Jhe  smallest  step  ^  of  the  , 
metering  rod  is  in  the  circular  opening  of  the  jet, 
permitting  the  maximum  amount  of  fuel  to  flow 
through  the  circuit  to  meet  the  requirements  of 
maximum  power.  The  metering  rod.  position 
must  be  synchronized  with  every  throttle  valve 
position  so  that  the  proper  ratio  of  air  and 
gasoline  is  delivered  to  the  engine  for  all  speeds* 
and  driving  conditions.  , 

VACUUM  STEP-UP»-The  vacuum  steprup 
(fig.  7-33)  operates  much  like  the  power  jet.  It 
consists  of  a  step-up  piston  which  is  fastened  to 
a  steptup  rod.  When  high  vacuum  develops  in  the 
intake  manifold,  as  it  does  under"  part-throttle 
operation,  atmospheric  pressure  holds  the 
step-up  piston  down  against  its  spring,  pressure 
so  that  the  step-up  rod  is  held  down  in  the 
step-up  jet,  thus,  closing  off  the  jet.  With 
wideropen  throttle,  therp^  will  be  a  low  vacuum 
in  the  intake  manifold  and  the  difference  in 
pressure  above  and  below  the  piston  is  small. 
Consequently,,  the  piston  Ms  moved  tup  by  its 
spring  pressure  and  the  rod  is  raised  out  of  the 
jet.  Additional  fuel  for  full-power  operation  is 
suppHed. 


\ 
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Figure  7-3.3.— Vftcuunn  vtep-up  high  speed  circuit.  \ 
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Accelerating  Pump  Circuit 

The' accelerafing  pump  circuit  controls  a  -' 
small  amount  of  fuel  that  is  momentanly . 
discharged  into  the  airstream  when  the  throttle 
is  opened  quickly.  This  extra  amount  of  fuel  is 
necessary~to  ensure  instantaneous  response  from 
the  engine  on  acceleration.^  When  the  throttle  is 
suddenly  opened,  air  rushes  through  both  the 
carburetor  and  the  intake  manifold.  The  air  is 
lighter  than  the  liguid  fuel,  and  gets  into  motion 
quicker,  so  it\reaches  the  manifold  before  the 
fuel  charge  supplied  by  the  high-speed,  system. 
This  results  in  la  momentarily  lean  mixture.  To 
counteract  this  condition, -additional  fuel  must^ 
be    supplied;   this   is  accomplished   by   the  j 
accelerating  pump  circuit.  ( 

The  acj:elerating  pump  circuit  consists  of  a' 
pump  cylinder;  a  plunger  mechanically  actuated  \ 
by  a  lever  mounted  on  the  throttle  shaft, 'or 
vacuum-operated  by  intake  manifold  vacuum;  an 
intake  ch^ck  valve  located  in  the  bottom  of  the 
piimp  cylinder  to  control  the  passage  of  fuel 
from  the  bowl  into  the  pump  cylinder;  a 
discharge  check  valve;  and  an  accelerating  jet  to 
meter  the  amount  of  fuel  used.  A  typical 
arrangement,  with  <t  mechanically-actuated 
plunger  is  shown  in  figure  7-34. 

When  the  throttle  is  opened,  the  pump 
plunger  moves  downward  in  its  cylinder.  If  the 
plunger  is  mechanically-operated,  the  downward 
movement  will  be  brought  about  by  direct 
linkage  with  the.  throttle.  If  it  Js 
vaciuim-actuated,  a  sudden  throttle  opening  will 
cause  the  manifold  vacuum  to  drop,  allowing  the 
acceleniting-pump  ^  spring  to  force  the  piimp 
plunger  down  in  the  cylinder.  In  either  case,  the 
subsequent  action  of  the  accelerating-pump 
circuit  .*s  the  surne.  Tht  downward  travel  of  the^ 
piunger  forcei:;  fiiel  p^si  the  discharge  check 
valve  to  fbv.  :tccelcrati.n*;  jet,  which  meters  the 
rate  at  w^mcI;  \t  in  uivjharged  into  the  airstream. 

*:oppi»rd   to  the   pump  cylinder 


V"u<  I  ir, 
thiough  tho 
The  level  oi 


inlaki'  .  iieck  valve  at  tlie  bottom. 


nci  ill  the  pump  cylinder  when  the 
plunger  is  held  up  to  the  top  of  its  stroke  is 
approximately  equal  to  the  level  in  the  fuel 
bowl.  The  intake  check  valve  in  the  bottom  of 
the  cylinder  permits  a  supply  of  fuel  to  reach 
the  cylinder  but  closes  on  the  downstroke  of  the 
plunger,  preventing  the  fuel  in  the  cylinder  from 
being    pushed    back    into    the    bowl.  The 
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Figure  7-34.— Carburetor  accelerator  pump  circuit. 


accelerating  pump  discharge  is  needed  only 
momentarily  when  the  throttle  is  opened 
suddenly.  To  prevent  the  accelerating  jet  from 
flowing  at  constant  throttle  openings,  some 
models  have  an  air-vent  check  valve  placed 
between  the  accelerating  jet  and  pump  cylinder 
above  the  fuel  level. 

At  steady  part-throttle  positions,  when  the 
pump  plunger  is  inoperative,  no  pressure  exists 
on  the  fuel  in  the  pump  cylinder.  Under.this 
condition,  the  air-vent  check  valve  will  be  open 
and  the  air  will  enter  the  passage  connecting  the 
pump  cylinder  and  accelerating  jet,  preventing 
.fuel  from  flowing  through  the  jet.  The  pressure 
on  the  fuel,  created  by  the  downstroke  of  the 
pump  plunger,  causes  the  air-vent  check  valve  to 
clbse  against  its  seat  to  prevent  the  fuel  from 
being  discharged  back  into  the  bowl  through  the 
air-vent  passage. 

On  same  carburetors,  the  area  above  the 
plunger  is  connected  to  the  intake  manifold  so 
that  the  accelerating  pump  does  not  work  while 
the  engine  is  not  running.  Under  these 
conditions,  the  pressure  in  the  intake  manifold  is 
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hear  atmospheric  an;d\  holds,  the  pump  plunger 
"  down.  ;  \  '    \^  \  * 

,  Successful  o]peratiori'  -of  the  accelerating 
pump  depends  on  a  delayed  action  which 
provides  a  continual  stream  of  fuel  from  the 
pump  jet  after  the  throttle  has  ceased  moving. 
This  is  to  take  care  of  the' fuel  demands  of  the 
engine  in  the  interval  that  exists  between  the 
time  the  throttle  is  opened  and  the  time  the 
high-speed'nozzle  begins  to  discharge  fueh 

Choke  Circuit  < 

When  the  engine  is  cold,  the  gasoline  vapors 
tend  to  condense  into  large  drops  on  their  yfoy 
to  the  cylinders.  Because  all  the  gaspUne 
supplied  to  the  cylinders  will  not  vaporize,  it 
becomes  viecessary  to  supply  a  richer  mixture  to 
have  enov^gh  vapor  to  assure  combustion.  This  is 
accompiished  by  the  choke  circuit,  which  is' a 
choke  valve  plate  placed  in  the  carburetor  throat 
above  tl^e  venturi. 

When  a  driver  operates  the  choke,  the  choke 
valve  tilts  in  the  air  horn  to  reduce  the  amount 
of  air  entering  the  throat,  giving  a  very  rich 
mixture.  Only  the  volatile  parts  of  the  gasoline 
will  vaporize  at  cold  temperatures;  therefore,  a 
rich  mixture  is  necessary.  It  provides  enough 
ignitable  vapor  to  stirt  the  engine.  However,  if 
the  choke  valve  is  in  the  full-choke  position,  it  is 
completely  closed,  shutting  off  the  supply  of  air. 
Consequently,  there  is  not  enough  air  entering 
the  throat, to  allow  the  gasoline  to  ignite.  The 
necessary  air  is  admitted  in  manual  chokes  by 
either  one  of  two  semiautomatic  features. 

In  one  design,  the  choke  valve  incorporates  a 
spring-loaded  poppet  valve  (fig.  7-35).  The 
poppet  is  held  in  the  closed  position  by  a  weak 
spring.  As  soon  as  the  engin&tums  over,  there  is 
sufficient  press  uii6  differential  to  open  the  valve, 
'  allowing  a  small  amount  of  air  to  flow.  ' 

In  the  other  design,  the  valve  is  offcenter 
(fig.  7-36)  and  operated  through  a  coiled  spring 
on  the  end  of  the  choke  shaft.  In  the  full-choke 
position,  the  spring  holds  the  choke  valve  in  the 
closed  position.  As  soon  as  the  engine-turns 
over,  an  increased  pressure  differential 
overcomes  the  spring  tension  and  opens  the 
choke  valve  part  way,  admitting  enough  air  to 
prevent  overchoking  or  flooding  the  engine.  As 
the  engine   warms  up>  the  choke  valye  is 
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Figure  7-35.— Spring-loaded  poppet  valve  in  choke 

valve.  .  Y 
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gradually  advanced  to  the  wide-open  position  by 
the  operator  to  supply  ^the  leaner  mixture 
required  for  a  hot  engine. 

Automatic  Choke 

The  automatic  choke  (figs.  7-37  and  7-38) 
replaces  the  conventional  manual  choke.  It  not 
only  controls  the  fuel-air  ratio  for  quick  starting . 
at  any  temperature,  but  also  provides  for  the 
proper  amount  of  choking  to  enrich  the  fuel-aiz' 
mixture  for  all  conditions  of  engine  operation 
during  the  warmup  period  .The  automatic  choke 
is  built  j.into  the  carburetor.  It  consists  of  a 
thermostatic  (bimetal)  spring  and  ^  vacuum 
piston  which  opposes  the  action  of  the  springr 
The  spring  is.  connected  to  the  choke  valve  in 
such  a  manner  as  to  close  the  valve  when  the 
spring  is  cold.  The  vacuurri  piston  tends  to  open 
the  choke  valve  when  the  engine  manifold 
vacuuip  is  high.  The  choke  valve  is  mounted 
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Figure  7-37.— Automatic  choke,  cutaway  view.  ' 
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Figure  7-3d.— Location  of  automatic  choke  on 
carburetor. 


\  .  •  . 

offcenter  on  the  choke  shaft  so  that  any  increase 
in  air  velocity  through  the  air  horn  will  tend  to 
opea  the  valve. 

The  operation  of  the  automatic  choke  is 
dependent  on  three  factors:-  heat,  intake 
manifoldr vacuum,  and  the  velocity  of  air  passing 
through  the  air  horn.  When  th^  engine  is  cold, 
the  thermostatic  spring  holds  the  choke  valve 
closed.  When,  the  engine. is  started,  th2  low 
pressure  (high  vacuum)  below  the  throt^kj^alve., 
permits  atmospheric  pressure  to  move  the  piston 
dMwn  and  partialiy  open  the  valve  against  the 
tension  of  the  thermostatic  spring.  Under 
varying  load  conditions  during  warmup,  the 
position  of  the  choke,  valve  will  be  changed  by 
the  operation  of  the  vacuum  piston  working 
against  the  thermostatic  spring,  and  the  air 
velocity 'in  the  air  horn.  Hot  air  from  the 
exhaust  manifold  is  directed  to  the  thermostatic 
spring  so  that  the  spring  loses  its  tension  as  the 
engine  is  heated.  This  permits  the  choke  to  open 
gradually  and,  after  it  reaches  the  full  open 
position,  it  is  held  opeii  by  the  artion  of  the 
intake  manifold  on  the  piston.  When  the  engine 
is  stopped,  the  thermostatic  spring  cools  and 


closes  the  choke  valve.  The  choke  valve  is  fully 
closed  at  a  temperature  of  approximately  70° 

Carburetor  Maintenance  ,  | 
and  Repair 

Listed  in  the  following  paragraphs,  are  some 
of  the  engine  troubles  that  usually  (but  nof 
always)  can  be  traced  to  some  fault  in  the^ 
carburetor  system: 

1 .  EXCESSIVE  FUEL  CONSUMPTION 
can  result  from  a  high  float  level,  a  leaky  float,  a 

.  sticking  metering  rod  or  full-power  piston, 
sticking  accelerator  pump,  arid  too  rich  an  idling 
mixture. 

2.  A  SLUGGISH  ENGINE  can  be  the  result 
of  a  poorly  operating  accelerator  pump,  sticking 
high-speed  piston,  low  float  level,  dirty  or 
gummy  fuel  passages,  or  a  clogged  air  cleaner.  - 

3.  POOR  IDLING,  often  characterized  by  a 
stalling  of  the  engine,  usuallyis  due  to  injection 
of  an  excessive  amount  of  fuel,  a  defective 
choke,  or  an  incorrectly  adjusted  idle  speed 
screw. 

4.  FAILURE  OF  THE  ENGINE  TO 
START  >.may  be  caused  by"  an  incorrectly 
adjusted  choke,  clogged  'fuel  lines,  or  air  leak 
into  the  intake  manifold. 

5.  HARD  STARTING  OF  A  WARM 
ENGINE  could  be  due  to  a  defective  or 
improperly  adjusted  throttle  link. 

6.  SLOW  ENGINE  WARMUP  may  indicate 
a  defective  choke.  ^ 

7.  A  SMOKY,  BLACK  EXHAUST  indicates 
a  wry  rich  air-fuel  mixture. 

8.  STALLING  OF  THE  ENGINE  AS  IT 
WARMS  could  be  caused  by  a  defeciive  choke 
or  closed  choke  valve. 

9.  A  BACKFIRIN{G  ENGINE  may^be  due 
to  an  incorrect,  often  lean,  air-fuel  mixture 
reaching  the  engine.  In  turn,  this  condition 
could  be  caused  by  clogged  fuel  Unes  or  a 
fluctuating  fuel  Jevel. 

The  more  stubborn  troubles  in  a  carburetor 
can  sometimes  be  eliminated  only  with  its 
disassembly  and  overhauling.  The  procedures 
vary  according  to  the  manufacturer's  specifica- 
tions, which  you  should  follow  closely.  If  you  do 
not  have  them,  follow  these  general  instructions: 
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To  remove. the  carburetor,  first  take  off  the 
air  cleaner.  Now  disconnect  the  throttle  and 
choke  linkages  and  the  fuel  lines;  use  two 
wrenches,  if  necessary,  to  avoid  damage  to  the 
lines  or  the  couplings.  .When  lifting  off /the 
carburetor  after  removing  the  attaching  nuts  and  , 
bolts,  be  careful  not  to  jar  it,  because  any 
accumulations  of  dirt  in  the  float  bowl  might  be 
stirred  up  and  foul  the  fuel  circuits. 

Clean  ail  openings  and  passages  with  an 
approved  solvent.  Replace  rather  than  repair  all 
worn,  scored,  or  burred  parts.  • 

If  possible,  clean  .the  carburetor  either  out  of 
doors  or  in  a  well-ventilated  section  of  the  shop. 
If  you  use  low-pressure  air  to  blow  out 
encrusted  matter,  wear  goggles  to  protect  your 
eyes  from  foreign  particles. 

After  the  carburetor  has  been  cleaned  and 
overhauled,  put  on  a  new  gasket  and  reattach 
the  carburetor  to  the  intake  manifold- with  the. 
nuts  and  bolts.  Reconnect  tfie  fuel  line,  again 
'  using  .  two  ^..wrenches,  if  necessary^  to  avoid 
damage  to, the  lines  or  couplings.  After  making 
the  idle  speed  and  idle  mixture  adjustments, 
reinstall  the  air  cleaner, 

•  Your  shop  mjiy  have  a  special  carburetor 
*  overhaul  kit  vyjhich^con tain n  the  necessary  tools 
for  doing  a  cleaning  and  overliauhng  job^ 

 Gasoline  wilFt^urn  to  vapor  when  sufficient 

heat  is  applied  to  it.  When  this  takes  place  in  the 
fuel    lines,    fuel    pump,   or    carburetor  of 
automotive  equipment,  the  fuel  system  is  vapor 
locked.  Under  vapor-lock  conditions.  Joss  of 
power  and  missing  can  occur  and  the  engine  may 
even  stop.  Carburetors  are  usually  provided  with 
vents  that  overcome  or  reduce  the  tendency 
toward  vapor  lock.  Fuel  pumps  and  lines  are 
placed  away  from  the  exhaust  system  heat, 
which  also  helps  to  reduce  or  prevent  vapor 
lock.  Should  the  engine  stop  because  of  vapor 
^  lock,  the  discrepancy  will  usually  correct  itself  if 
"  sufficient  time  is  aUowed  to  cool  the  engine.  In 
extreme  cases  the  fuel  lines  may  need  to  be  bled. 
This  requires  disconnecting  the  fuel  line  at  the 
fuel  pump  or  carburetor  and  permitting  the  fuel 
to  flow  long  enough  to  bleed  the  yap.or  from  the 
line. 


Air  Qeaner  .  ^  v  ■  ^ 

The.  air  cleaner  is  placed  at  the 'air  entrance 
of  the-  carburetor  to  remove  dust  and  other 
foreign  matter  from  the  air  before  it  enters  the 
carburetor.  A  great  deal  of  air,  as  much  as 
100,000  cubic  feet  for  every  10,000  car  miles,  is  ^ 
introduced  into  the  engine.  Without  an  air 
cleaner,  dust  and  grit  would  enter  the  engine 
with  the  air  and  would  cause  excessive  wear  and 
operating  troubles.        . , 

Two  types  of  air  cleaner  are  use  l:  a  wet-type, 
and  a  dry-type. 

The  wet-type  air  cleaner  (fig/ 7-39)  is  an  •  • 
oil-bath  cleaner,  consisting  of  a  rfiain  body  and  a 
co^er.  Within  this  unit  are  a  reservoir  of  oil  and  a 
filter  element  made  of  copper  gauze  or  fine 
mesh  threads.  Air  entering  the'  cleaner  passes 
through  small  ports  at  the  top  of  the  body,  then 
through  the  gauze  material  that  traps  virtually 
all  foreign  particles.  Next,  the  air  flows  past  the 
oil-filled  reservoir,  picking  up.  particles  of  oil  and 
carrying  them  through- the  filter.  The  air  finally 
hits  the  cover "  plat^nd;  is  "deflected  down  ^  ^' 
through  a  passage  to  the^^c^uretor.i  i    ;  * 

The  gauze  or  threads  in  the  filter  also  act  as 
a  flame  arrester  in  case  of  severe  flashback  or. 
backfire.  Many  air  cleaners  are /equipped  also 
with    a    silencing    unit    called    the  Sound 

neutralizing  chamber.  i\con.sists  of  air-intake  ^ 

passages  designed  to  muffle^air  noises,  and  a  Mt^ 
pad  that  acts  as  a  gasket  and  absorbs  engine 
intake^noises.  '  r 

The  usual  dry-type  air  cleaner  (fig.  7-40) 
uses  a  copper  gauze  cleaner  element  and  a  cover 
plate  with  a  felt  pad,  which  remove  dust  and  dirt 
from  the  air  as  it  passes  toward  the  parburetor. 
This  cleaner  has  the  disadvantage  of  easily 
becoirimg^  clogged..  Clogging  will  result  in 
reduced  engine  power.  ' 

Some  of  the  late  'model  vehicles  are 
equipped  with  papbr  filters  which  require  no 
.sen(icing,  but  should  be  replaced  at  15,000-mile 
intetvals  or  more  often  in  dTDsty  areas. 

"A  clogged  air  cleaner  will  cause^mixtures  ^ 
that  are  too  rich  and  result  in  excessiVe^el 
consumption.  Foreign  matter  passed  into  Uie^  • 
engine  because  of  such  a  poor  cleaner  will  also*  \ 
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Figure  7-39.— Wet-type  aircleaner.- 


/      -  '■  ,.  -  ^ 

./ 

ir^ause   excessive   engine   wear  and  operating 
troubles.,  * 

At  eacli  chassis  lubrication  remove*^the  air 
cleaner  and  wash  its  filter  element  in 
nonflammable  cleaning  solvent.  Never  wash  it  in 
gasoline,  for  gasoline  could  be  igrated  by  static 
electricity,  or  even  by  the  friction  of  rubbing' 
surfaces.  Wash  the  cleaner  case  as  well  as  the 
filter  element.  In  wet-^type' cleaners,  drain  "^the 
old  oil  and  add  new  oil.  Be  sure  that  the  weight 
of.  the  new  oil  conforms  to  the  manufacturer's 
81.97  specifications,  and  that  you  add  it  to  the  level 
Figure  7-40.-Dry-type  air  cleaner.  indicated  on  the" filter  body. 
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•    AIR  INDUCTION  AND 
EXHV^&in' SYSTEMS. 

In  chapter  6  you  learned  that  intake  and 
exhaust  are  two  of  the  four  basic'engine  strokes. 
The  intake  stroke  admitsxrfh  air-fuel  mixture  into 
the  cylinder,  and  th^^>thaust  stroke  expels  the 
used  gases  from  "the  engine  cylinder,  in  this 
section,  you  will  be  concerned  with  the  intake 
manifold  and  the.  exhaust  manifold,  the 
passageways  through  whicli  the  mixtures  are 
admitted  and  the  gases  expelled. 

The  intake  manifold  is  usually  a  cast  iron 
passage  through  which  the  air-fuer mixture 
passes  to  each  cylinder:  The  intake,  manifold 
should  be  as  short  and  straight  as  possible  to 
reduce  chances  of  con'Bensation.  The  manifold  is 
mounted  On  the  side  of  tha  cylinder  block,  in 
L-head  engines,  on  the  side,  of  the  cylinder  head 
in  I-head  engines,  and  between  the  two  cylinder 
banks  in''  V-8  engines.  The  intake  manifold  is 
fastened  by  capscrews  or  held  in  place. by  studs 
exte^ndihg  from  the  cylinder  block.  It  is  secured^' 
by  a  nut  and  special  washer  on  each  stud.  The 
mounting  flange  for  the  carburetor  is  centrally 
located  on  the  intake  nianifqld  so  that  a  uniform 
mixture  can  reach  the  individual  cylinders. 
Connections  between  the  engine  block  and  the 
manifold,  and  between  the  carburetor  and  the 
manifold,  must  be  airtight.  'They  are  usually 
seal.ed  by  thick  gaskets  which  allow  for  any 
slight  irregularity  m  the  joining  ipetal  surfaces. 
Leaks  and  cracks  permit  air  to  en^er  the  engine 
without    passing    through    the  carburetor, 
resulting  in  a  lean  an(}^possibly  dirty  mixture  (air 
containing  dust  and'^oreign  particles).  ^-  , 

^the  exhaust  nianifpld  is  usually  a  cast  ir.6n 
passage'through  which  the  used  gases  are  carried 
away  from  the  engine  fcylipders.  lt  is  attached  to 
the  side  of  the  cylinder  block^on  L-head  engines 
and  to  the  side  of  the  cylinder  head  on  i-head 
engines.  On'V-8  engines  Jhere  are- two  exhaust 
manifolds,  one  for  each  bank  of  cylinders,  which 
are  usually  connected  by  a  crossover  pipe  and 
exhaust  through  a  common  muffler  and  tailpipe. 
Some  vehicles  with  dual  e,xhausts,  have  two 
mufflers  and  two  tailpipes,  which  increase  the 
efficiency  of  the  engine  by  reducing  back 
pressure. 

The  gasket  between  the  exhaust  manifold 
and  the  cylinder  block  X)t  cylinder  head  must 


withstand  the  intense  Ijeat  of  the  exhaust  gases. 
.Although  gaskets  are  made  of  metal-covered 
asbestos,t,they  can  bum,^  and  they  will  have  to  be 
replaced  if  the  connections  become  loose. 
Exhaust' gas  leaks  can  be  detected  by  smoke 
discolprations  at  the  connections.  If  the  leak  is 
bad  enough,  it  can  be  felt  and  heard  when  the  ' 

engine  is  running.    *  ' 

»  *  '  ,  ■ . 

•  A  device  called  a  manifold  heat  control  vaiye 
is  often  biiilt  into  the  exhaust  mafiifold  to 
promote  better  Vaporization  of  the  fuel.  During 
engine  warrnup,  particulariy  m  cold  weather, 
evaporation  of  the  gaspline  in  the  air-fuel 
mixture  entering  ,  tile  engine  is  poor,  sbce 
gasoline  evaporates  more  slowly  when  it  is  cold. 
To  as-sist  in  tlie  vaporization  of  the  fuel,  the  heat 
control  valve  deflects  the  exhaust  gases  toward 
the  intake  maniColji  (shown  in  fig.  7-41),  when 
the  engine  temperature  is  low;' As  the  hot- 
^xhau^t  gases  passlaround  the  intake  manifold, 
they  heat  the  manifold-and  the  incoming  air-fuel 
mixture  also  is  htated.  When  the  engine  is 
warmed  up  enough  .to  ensure  adequate 
vaporization  of  the  fuel,  the  valve  turns  to  the 
right  as  shown  in  figure  7^1.  Now  the  used 
gases  are  deflected  downward  into  the  exhaust 
pipe  and  no  longer  circulate  around  the  intake 
manifold.  The  space  around  the  intake  manifold 
which  is  heated  by  exhaust  gases  is  sometimes 
called  the  "hot  spot." 

Before  reaching  the  'tailpipe,  the  used  gases 
pass  down  the  exhaust  pipe  through  the  muffler 
(fig.  7-42).  Together  with  the  exhaust  pipe  and 
tailpipe,  it  comprises  the  exhaust  system  of  the 
enginer   '  . 

The  muffler  quiets  the  noise  of  the  exhaust 
'  by  reducing  the  pressure  of  the  used  gases.  These 
gases  expand  and  cool  in  the  separate  chambers 
of  the  muffler.  Flames  and  sparks  leaving  the 
exhaust  manifold  with  the  gases  are  "trapped" 
by  the  muffler,  which  also  acts  as  a  flame 
arrester.  . 

The  muffler  is  connected  between  the 
exhaust  pipe  and  the  tailpipe  by  slip  joints  and 
clarhps  and  is  supported  from  the  frame  of  the 
vehicle  by  metal  straps.  When  ypu  install  a 
muffler,  be  sure  that  the  small  drain  hole  in  the 
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Figure  7-41.— Flow  of  exhaust  gases  around  intake  manifold. 


^1.98 


case-  is  at  the  bottom  and  that  the  clamp 
fasten\^rs  are  tight. 

Rust  on  the  outside  of  the  muffler  is  caused 
by  snow,  rain,  and  humidity.  Ritst-cTri  tJie4r>side- 
results  from  burning  fuel.  You  have  learned  that 
.the  products  of  combustion  contain  water  in 
.  sCispension.  This  water,  trapped  in  the  muftler, 
will  gradually  rust  it.  VVitli  every  gallon  of 
gasoline  that  is  burned,  -approximately  6.9 
pounds  of  water  are  Tormed  and  pass  through 
the  muffler.  Much  of  this  moisture  will  remain 
in  the  muffler  if  the  vehicle  is  driven  only  short 
distances,  but  most  of  it  will  be  expelled  if  the 
vehicle  ';  ^  ^cn  speedily  for  a  long  distance.  In 
time,  the  rust,  together  with  the  pressure  of  the 
exhaust  gases,  will  force  holes  in  the  muftler. 


Through  these  holes  'the  poisonous  fumes  of 
carbon  monoxide  will  seep  into  the  vehicle  and 
can  affect  the  occupants,  sometimes  fatally. 

Mufflers  must  be  replaced  immediately  if 
they  are"known"to  be  defective.  They  should 
also  be  replaced  if  suspected  of  being  clogged 
with  carbon  particles  or  other  foreign  matter. 
Inability  of  the  engine  to  develop  maximum 
power,  difficult  starting,  and  operation  of  thu 
engine  at  higher  than  normal  temperatures  may 
indicate  clogging  of^  either  the  muffler  or 
another  part  of  the  exhaust  system. 

The  muffler  tailpipe  or  outlet  pipe,  which 
extends  to  the  rear  of  the  vehicle  (or  over  the 
cab  on  some  equipment)  should  6e  kept  open  so 
that  the  exhaust  gases  can  escape  easily.  A 
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Figure  7-42.-Exhaust  pipe,  muffler,  and  tailpipe. 
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pinched  or  partly  closed  tailpipe  can  affect 
engine  operation  to  the  extent  that  the  engine 
may  stop.  Unless  the  used  gases  are  .  removed 
from  the  cylinders,  a  fresh  mixture  cannot  enter. 


PEilFORMANCE 

The  performance  of  the  engine  is  determined 
by  the  effn^iency  of  the  engine  or  its  ability  to 
perfoim  the-  desired  function.  Substandard 
performance  or  malfunctions  will  result  in  poor 
engine  performance  and  higher  operating  costs. 

Satisfactory  engine  pertormance  depends  on 
the  proper\  ignition,  compression,  and 
carburetion.  If  the  ignition  system  has  burned 
points  and  fouled  or  worn  spark  plugs,  the 
engine  will  not  develop  full  power.  The  ignition 
spark  must  occur  at  the  right  time  and  with 
sufficient  intensity  to  ignite- the  compressed 
air-fuel  mixture.  Proper  ignition  requires  the 
satisfactory  operation  of  the  coil,  distributor, 
spark  plugs;  and  spark  advance  system. 

There  must  .be  no  leakage  of  the 
compression  in  the  cylinders  for  satisfactory  and 
economic  operation  of  tiie  engine.  This  means 
that  the  intake  and  exhaust  valves,  the  gaskets. 


and  the  piston  rings  must  perfornr  'tHeiir 
functions  properly  arid  allow  no  leakage.  Rough 
operatiori  of  the  engine  results  from  uneven 
power  strokes  caused  by  leakage  in  one  or  more 
cylinders  and  causes  a  reduction  in  performance 
and  economy. 

.The  carburetor  must  deliver  the  correct 
mixture  of  air  and  fuel  for  all  conditions  of 
engine  operation.  An  ,  improperly  operating 
carburetor  can  cause  the  mixture  to  be  too  rich 
or  too  lean.  A  ric  mixture  causes  spark  plug 
fouling  and  loss  oi  jower  and  is  uneconomical. 
Overheating,  preig.  .lion,  loss  of  power,  and 
engine  damage  can  be  caused  by  a  lean  mixture. 
The  carburetor  must  be  supported  by  a  properly 
functioning  pump,  lines,  tank,  air  cleaner,  intake 
'manifold,  and  intake  valve  tq  deliver  the  correct 
mixture  to  the  combustion  chaniber. 

Other  factors  affecting  engine  performance 
arc  the  age  of  the  engine  or  the  time  since 
overhaul,  quality  of  the  fuel  used,  and  the 
ability  of  the  operator.  An  engine  may  perform 
as  efficiently  as  possible,  but  losses  of  power  still 
result  from  worn  piston  rings  and  valves,  even 
though  the  parts  are  not  worn  enough  to 
warrant  replacement.  Substandard  or 
contaminated   fuel  will  cause  the  engine  to 
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perform  below  maximum  power.  An  engine  that 
is  able  to  pe|:form  satisfactorily  can  give 
substandard  performance  when  operated  by  an 
incompetent  operator. 

The;  initial  evaluation  of  the  engine 
performance  is  afforded  by  observing  the  engine 
instruments  on  the  instrument  panel.  These 
will  usudlly  include  coolant  temperature  gage, 
oil  pressure  gage,  tachometer,  ammeter,  and  fuel 
gage.  If  the  temperature  of  the  coolant  is  .too 
high,  it  can  indicate  a  malfunction  of  the  cooling 
system,  air-fuel  mixture  too  lean,  and/or  ignition 
timii/',  too  cariy.  Low  oil  pressure  usually 
indicates  that  m1  should  be  added  to  the'engine. 
Using  the  iucc  rrect  viscosity  of  oil  in  an  engine 
can  cause  the  oil  pressure  gage  to  indicate 
outside  the  normal  opt^rating  range.  Viscosity  of 

"  oil"  wlll~be~  explained  ;  in  chapter- 1 1  -  of-this  

training  manual. 

The  tachometer  fluctuation  indicates  a 
rough  running  engine.  The  ammeter  indicates 
the  amount  of  current  flowing  to  and  from  the 
battery.  If  the  ammeter  indicates  discharge  when 
the  engine  is  operating  above  idling  speed,  this 
usually  means  the  generator  or  voltage  regulator 
has  malfunctioned.  The  fu-1  gage  can  tell  you 
that  the  fuel  supply  is  exhausted.  The 
instrument  panel  may  have  a  hydraulic-pressure 
gage,  an  ho\irnieter,  a  torque-converter 
temperature  gage,  an.  air-pressure  gage,  and/or 
cylinder  temperature  jiage.  The  uses  of  these 
instruments  are  explained  in  the  operation  and 
maintenance  publications  on  the  vehicle  or  . 
engine  on  which  they  appear. 

The  quickest,  easiest,  and  most  reliable 
method  of  determining  the  repair  requirements  ^ 
of  a  gasoline  engine  is  by  scientific  testing.  An 
accurate  picture  of  the  engine's  condition  can  be 
determined-  by  the  comparison  of  the 
information  obtained  from  a  series  of  tests  with 
known  specifications  and  standards.  An  engine 
'  analyzer  is  the  best  instrument  for  obtaining  this 
information. 

An  engine  analyzer  can  indicate  the  true 
condition  of  an  engine  and  permit  the  mechanic 
to  recommend  the  action  necessary  to  restore 
the  engine  to  fiill  operating  efficiency.  The 
manufacturer's,  manual  for  the  engine  analyzer 


should  be  studied,  carefully,  and  the  use  of  the 
analyzer  should  be  supervised  closely  until 
proficiency  is  reached. 

A    widely^   used    engine    analyzer  is 
manufactured  by  the  Sun  Electric  Corporation. 
This  analyzer  includes  an  ignition  tester,  a 
volt-ohm-condenser    tester,    a   breaker  point 
tester,    a    coil    tester,    a    tachometer,  a 
vacuum-pressure  gage,  a  weak  cylinder  tester,  a 
cylinder  leakage  tester,  a  combustion  efficiency 
tester,  a  timing  light,  a  timing  advance  tester,  an 
exhaust  gas  analyzer,  and  a  fuel-pump  tester. 
Most   of  these  testers  and  instruments  are 
covered  indivi^lually  in  chapter  2  of  tliis  training 
manual.  A!l  tests  can  be  conducted,,  and  all 
indications  ut  engine  performance  can  be  read,, 
^when  the  engine  _is  Jiooked_  a^^      the  engine 
a  nalyzer.    The    analyzer    also    permits  the— 
mechanic  to  perform  critical  adjustments  that 
are  so  essential  to  an  engine's  efficient  and 
dependable  performance. 

Another  widely  used  engine  analyzer  is 
manufactured  by  the  Simpson  Company.  This 
analyzer  combines  many  of  the  automotive 
testers  discussed  previously  and  consists  of  the 
following  testers: 

1 .  Tachometer--the  tachometer  is  designed 
for  use  on  6-,  12-,  24-,  and  32-volt  electrical 
systems  of  both  the  battery  and  magneto  types. 
The  rpm  ranges  are  represented  on  two  scales:  a 
0-1 ,000  rpm  scale  and  a  0-8,000  rpm  scale. 

2.  Dwell  meter-the  dwell  meter  can  be 
used  on  6-,  .12-,  24-,  and  32:volt  systems.  It  will- 
indicate  the  dwell  interval  for  4-,  6-,.  and 
8-cy1inder  engines. 

3.  Vacuum  gagCr-the  vacuum  gage  will  read 
manifold  vacuum  in  both  inches  and  millimeters 
of  mercury.  \  . 

4.  Fuel  flow^and  pressure  gage-the  fuel 
flow  and  pressure' gage  will  read  pj^essure  in  psi 

and  fuel  flow  in  pints  per  minute. 

\, 

5.  Cylinder  cond it ic)a  analyzer-the 
cylinder  analyzer  will  accurately  pinpoint  the 
location  and  the  extent  of  compression  leaks 
before  engine  disassembly. 
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6.  Timing  advance  indicator— the  timing 
indicator  will  perform  speedy  initial  timing 
checks  and  fast  accurate  measurement  of 
distributor  advance  mechanism  operation  while 
the  engine  is  running.  A\tachonieter  is  provided 
with  this  test  indicator. 

7.  Coil  tester— the  coil  tester  is  capable  of 
testing  the  coil's  primary  and  secondary 
windings  for  opens,  continuity,  grounds,  stress 
voltages,  and  insulation  leakage. 

8.  Condenser  tester— the  pondenser  tester  is 
capable  of  testing  the  three  basic  functions  re- 
quired—series  resistance,  leakage,  and  capacitance. 

9.  Animeter-^the  ammeter  is  capable  of 
reading  currents  up  to  300  amperes.  As  with 

'  other  components,  it  works  on  voltages  of  6,  1 2, 
24,  and  32.  . 

10.  Voltnieter-tlie  voltmeter  is  capable  of 
testing  voltages  of  '6-,  12-,  24-,  and^  32-volt 
systems. 

11.  Ohnimcter— the  ohmnieter  can  provide 
continuity  readings  and  accurate  resistance 
readings  to  1 00,000  ohms. 

1 2.  Battery-starter  tester— this  tester  will  test, 
starter  cranking  voltage,  battery  volt  leakage, 
battery  capacity  and  condition,  starter  amperage 
4raw,  and  circuit  resistance  of  switches,  cables, 
and  connections. 

13.  Generator,  voltage,  and  cuijent  regulator 
tester-this  tester  will  test  the  voltage,  amperage, 
and  resistance,  as  applicable,  in  generators, 
relays,  and- wiring  in  all  6-,  12-,  24-,  and  32-v61t 
uc  iind  dc  systems.  Specific  testing  capabilities 
include  current  draw  of  ac  and  dc  generator 
fields,  ac  and  dc  generator  output,  ^regulator 
opening  and  closing  voltages,  and  voltage  and 
current  regulator  settings. 

14.  'Ignition  tcster-this  unit  will  measure  the 
resistance  and  insulation  (leakage)  of  both 
primary  and  secondary  ignition  circuits. 

15.  Remote  starter-ignition  switch-tliis 
switch 'Will  allow  engine  starter  and,  ignition 
control  from  underliood  positions. 

16.  Accessories-the  accessories  include  a 
complete  kit  of  M  required  connectors, 
adapters,  and  charts  necessary  for  checking  both 
wa  t  e  rp  roo  f  and  non  waterproof  aut  omotive 
systems. 

12.  Stand  "the  stand  is  a  complete  enclosed 
storage  cabinet  capable  of  storing  all  the 
analyzer  components. 


ThS  analyzer  components  may  be  removed 
from  the  analyzer  stand  and  used  as  individual, 
testers.    Each   of  the   large   components  is 
provided  with  its  own  carrying  case. 


MALFUNCTIONS 

Some  of  the  malfrnctions  of  the  gasoline 
engine  have  just  been  discussed  under  the 
heading  of  performance.  Others  are  covered  in 
the  following  discussion. 

When  the  starting  system  fails  to  rotate  the 
engine  fast  enough  to  start,  any  one  or  a 
combination  of  three  typical  malfunctions  may 
be  present.  The  most  common  is  that  the 
battery  is,  weak  or  dead.  Testing  the  battery  or 
replacing  it  with  a  fully-charged  battery  of  the 
proper  capacity  will  eliminate  the  battery  as  a 
cai^se.  The  second  cause  may  be  poor 
connections  between  battery  and  starter.  Inspect 
the  cables  for  breaks  or  corroded  connections.  If 
necessary,  remove  the  cables,  test  them  for 
current-carrying  capacity,  clean  the  terminals, 
and  replace.  The  third  cause  is.  that  the  starting 
motor  may  be  malfunctioning.  If  the  starting- 
motor  can! be  heard  rotating,  the  engaging  part  is 
not  operating  properly  or  the  teeth  of  the 
starting  motor  drive  or  of  the  flywheel  are  worn 
or  missing.  After  the  starting  motor  is  removed 
it  can  be  bench  tested  to  determine  the  cause  of 
malfunction. 

If  the  starting  system  is  operating  properly 
and  the  engine  still  does  not  start,  further 
investigation  is  necessary.  This  can  be  divided 

into  ignition'   testing,    fuel    testing,  and 

compression  testing. 

A  simple  ignition  test  is  to  remove  a  spark 
plug  lead  and  hold  it  away  from  the  spark  plug 
terminal  with  an  insulated  holder  while  the 
engine  is  turned  over  by  the  starting  motor. 
Absence  of  a  spark  indicates  malfunction  of  the 
electrical  ignition  system,  and  the  ASE  should 
be  notified.  .When  the  spark  appears  to  be 
strong,  the  spark  plugs  should  be  checked  to' 
determine  that  they  are  delivering  the  spark  to 
the  combustion  chamber.  Testing  spark  plug_s 
has  been  discussed  previously  in  this  chapter. 

If  the  ignition  system  is  found  to  be 
operating  properly,  fuel  testing  and  compression 
testing  are  indicated.   Fuel-pump  testing  and 
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carburetor  malfunctions  have  already  jpeen 
discussed  in  this  chapter.  Compression  testing  is 
discussed  in  the  following  paragraph. 

Compression  of  each  cylinder  should  be 
tested  with  a  compression  tester  as  covered,  in 
chapter  2  of  titis  training  manual.  Any  variation 
of  the  pressure  between  cylinders  should  not  be 
over  15  psi.^  I^  one  cylinder  is  low,  put  a  small 
amount  of  heavy  oil  in  the  low  piston  and  turn 
the  engine  over  several  times  to  work  the  oil 
around  the  piston.  Again  use  the  tester.  If  the 
pressure  measures  higher  than  before,  the 
compression  loss  is  past  the  piston  and  rings, 
indicating  worn  rings.  If  the  pressure  does  not 
increase,  the  waives  are  not  seating  properly.  A 
Joss  of  compression  in  two  adjacent  cylinders" 
indicates  a  defective  cylinder  head  gasket.' 

Using  too  much  oil  is  a  common 
malfunction  of  an  engjne.  Oil  is  lost  from  an 
engine  by  leaking,  by  being  burned  in  the 
combustion  chamber,  or  by  being  vaporized  in 
the  crankcase  and  passing  '^out  the  crankcase 
ventilating  system.  Inspect  the  engine  for  oil 
around  the  seals  of  the  oil  pan.  valve<over  plate , 
and  tiniing-gear  housing,  and  around  oil  lines 
and  oil  filter  connectibjjr  Replace  the  seals  if 
found  leaking. 

Oil  being  burned  in  the  combustion  chanii 
is  detected  by  idling  the  engine  a  short  time, 
accelerating  the  engine,  and  observing  the 
exhaust  pipe.  A  blue:gray  smoke  emerging  from 
the  exhaust  indicates  oil  being  burned  in  the 
engine.  Oil  can  get  in  the  combti^ition  chamber 
past  piston  rings,  valve  guides,  and  vacuum 
booster  piimp  and  through  the.  positive-type 
crankcase  ventilating  system.  Consult  the  engine 
manufacturer's  instructions  for  the  remedy  to 
these  malfunctions. 
/  A'  clogged  draft-type  crankcase  ventilating 
'  system  can  cause  pressure  to  be  built-up  in  the 
crankcase  and  contribute  to  oil  leaks.  Inspection 
can  detect  whether  the  inlet  breather  cap  or  the 
vent  in  the  outlet  tube  is  clogged.  Cleaning  will 
remedy  the  defect. 

Xne  thermostat  in  the  engi;  ooling  system 
cont/ols  the  temperature  i  ^c  coolant  to 
•regulate  the  engine  opeFating4cmperature  and  to 
pro\|ide  for  short  warmup  period.  When  the 
engine  overheats,  does  not  come  up  to  operating 
ten-|'perature,  or  takes  too  long  to  warm  up, 
,  inspect  and  test  the  thermostat.  Insufficient 


coolant,  rust,  and  scale  in  the  system,  fan  belt 
slipping,  radiator  or  hoses  clogged,  and  defective 
water  pump  are  some  of  the  causes  of  the  engine 
overheating  that  are  the  fault  of  the  cooling 
system.  Inspection  of  the  coolant,  fan  belt, 
radiator  hoses,  and  water  pump  diould  detect 
the  cause.  Replace  parts  where  defective. 

'The  loss  of  power  in  an  engine  and  a 
rough-running  engine  may  be  attributed  to  a 
variety  of  causes.  Probably  the  best  method  of 
determining  the  cause  will  be  to  perform  a 
complete  tuneup.  The  tuneup  may  determine 
that  the  air  cleaner  is  clogged,  the  carburetor  is 
dehvering  improper  amounts  of  fuel,  or  the 
automatic  choke  is  not  operating  properly.  The 
fault  may  be  in  the  ignition  system  or  caused 
the  valves,  exhaust^  system,  or  the  cooling 
system.  1 

•  1 

TUNEUP  \ 

"•  \ 

To  tune  an  engine  means  to  make  the\ 
adjustments  necessary  to  bring  the  engine  to  ' 
first  class  operating  conditions.  The  aviation 
support  equipment  Maintenance  Requirement 
Cards  list  engine  tuneup  as  part  of  the  periodic 
work  to  be  performed.  This  tuneup  will  o.ften 
correct  malfunctions  before  they  become  serious 
enough  to  reduce  the  performance  of  the  engine. 
The  engine,  manufacturer's  specifications  should 
be  used  for  the*  tuneup. 

First,  clean  the  engine  to  improve  visual^' 
inspection  and  eliminate  the  dirt,  dust,;  and  oil 
deposits  from  complicating  the  tuneup.  ' 
procedures.  When  a  dynamometer  and  an  engine 
analyzer  are  available  they  greatly  improve  the 
ease  and  quality  of  the  tuneup.  The  purpose  and 
use  of  the  dynamometer  is  described  in  chapter 
2  of  this  training  manual.  The  engine  analyzer 
was  described  previously  in  this  chapter.  When 
used  together  to  tune  the  en^gine,.  the  fine 
adjustments  necessary  to  place  jthe  engine  in  the 
.  best  possible  operating  condition  become  a 
matt^rof  scientific  accuracy. 

The  ASt  and  the  ASM  perform  the  electrical 
system  part  of  the  tuneup.  In  addition  to  the 
corrections  indicated  to  be  made  on  the  engine, 
by    the    analyzer,    other    inspections  and 
adjustments  should  be  made.  The  radiator,  water 
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hoses,  and  block  should  be  inspected  for  leaks. 
The  coolant  should  be  checked  for  evidFence  of 
contaminants.  The  tightness  of  the-  fan  belt 
should  be  compared  to  the  manufacturer's 
specifications  and  adjusted  if  required. 

The  oil  level  must  be  satisfactory  or  the  oil 
and  oil  filter  changed  if  it.  is  time  to  do  so.  The 
intake  and  exhaust  manifolds  should  be  checkedv 
for  tightness  and  leaks.  The  muffler  and  exhaust 
pipe  should  be  clear  of  obstructions  and  leaks. 

Fuel  lines,  fuel  pump,  and  carburetor  Should 
be  checked  for  leaks.  The  output  of  the  fuel 
pump  and  the  adjustments  of  the  carburetor  can 
be  checked  by  the  engine  analyzer.  In  addition, 
the  air  cleaner  and  fuel  filter  should  be  cleaned 
or  replaced  as  necessary. 

If  the  engine  mountings  are  loose  or  broken, 
the  engine  may  vibrate  violently  when 
accelerated.  A  knock  may  occur  if  the  rubber 
mountings  are  drawn  down  too  tight  or  are  worn 
citougli  to  allow  the  nieta'l  parts  to  contact  each 
other.  Replace  if  defective. 

Safety  during  tuneups  includes  the  general  " 
safety  regulations  as  covered  in  chapter  3  of  this 
training  manual.  In  addition  the  safety 
precautions  covered  in  chapter  2  for  the  use  of 
tools  apply.  When  the  tuneup  is  done  in  the 
aviation  support  equipment  shop,  the  shop  - 
safety  regulations  serve  as  a  further  guide  for 
safe  practices. 


INSPECTIONS 

In  addition  to  the  inspections  already 
discussed  in  connection  with  detecting 
malfunctions  and  turteups,  the  Navy  requires 
periodic  inspections  of  engines  on  the  aviation 
support  equipment.  The  Maintenance 
Requirement  .Cards  list  the  inspections  and  the 
time  they  will  be  performed.  The  safeiy « 
requirements  are  the  same  as  listed  for  tuneups. 
To  perform  the  inspections,  draw  the  cards  for 
the  inspection  to  be  conducted.  The  inspectiiDns 
are  usually  divided  into  two  categories: 
preoperational  and  periodic.  The  preoperational 
inspections  are  to  be  conducted  each  day  before 
the  engine  is  used  and  include  those\>to  be 
conducted  in  less  time  than  200  hours  or  60' 
daysv.  Periodic  inspections  are  those  to  be 
-conducted  in  60  days  or  200  hours  and  those 
going  beyond  this  time.  Bear  in  mind  that  the 
inspection  for  an  engine  is  usually  only  part  of 
tlie  inspection  for  the  equipment  on  which  the 
engine  is  used.  ^    '  ' 

The  cards  provide  tire  minimum 
requirements  necessary  to  maintain  the 
equipment.  Inspection  to  a  greater  depth  and  at 
an  increased  frequency  may  be  required  by  local 
conditions.  The  periodic  inspections  are  to  be 
conducted*  at  the  expiration  of  a  stated  calendar 
period,  number  of  miles,  or  number  of  hours, 
whichever /6ccurs  first.  The  period,  miles,  or 
hours,  are  thie  maximum  authorized. 
Discrepancies  discovered  during  inspections 
must  be  corrected  before  the  equipment  is  used. 
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CHAPTER  8 

DIESEL  ENGINES 


The  gasoline  engine  requires  a  spark  to  ignrfe 
the  air-fuel  mixture  because  the  compression 
temperature  of  the  engine  is  too  low  to  ignite 
the  gasoline  and  air  mixture.  In  comparison,  the 
compression  temperature  of  the  diesel  engine  is 
high  enough  to  ignite  the  finely  atomized  diesel 
•  fuel  that  is  injected  injo  the  copibustion 
chamber,  rhe  spark  of  the  gasoline-  engine  is 
necessary  because  of  the  jow  -  compression 
ratios— from  a  possible  6:1  to  a  possible  11:1 
ratio,  the  compression  pressure  is  from  110  to 
180  psi,  and  the  compression  temperature  is 
from  220"^  to  300"^  F.  This  compares  with 
compression  ratios  of  12:1  to  19:1,  compression 
pressure  of  400  to  600  psi,  and  compression 
temperatures  ranging  850°  F  and  'hi^er  for 
diesel  engines. 

PRINCIPLES  OF 
OPERATJON 

III  prindpief,  of  operation,  the  main 
differences  between  the  gasoline  and  the  diesel 
engine  are  the  methods  of  getting  the  fuel  into 
the  cylindens,  and  in  igniting  the  air-fuel 
mixtures.  In  the  gasoline  engine  the  air  and 
gasoline  are  .mixed  together  at  the  carburetor. 
(The  fuel  is  metered  by  the  amount  of  air 
passing  through  the  carburetor).  The,  mixture 
then  passes  through  the  intake  manifold  where  it 
starts  to  vaporize.  Then  the  mixture  enters  the 
cylinder  through  the  intake  valve  where  it  is 
completely  vaporized  by  the  heat  of 
compression  as  the  piston  moves  upward  on  the 
compression  stroke.  When  the  piston  approaches 
top  dead  center,  the  mixture  is  ignited  by  a 
spark  from  the  spark  plug. 


The  diesel  engine  does  not  use  spark  plugs 
nor  a  carburetor.  On  the  intake  stroke,  only 
fresh  air  is  drawn  into  the  cylinders  through  the, 
intake  valve  and  manifold.  On  the  compression 
stroke,  the  air  is  compressed  to  a  pressure 
between  400  and  600  psi,  and  temperature  in 
the  cylinder  rises  to  above  850''P.  At  the  proper 
time,  the  diesel  fuel  is  injected  into  the  cylinder 
by  a  fuel  injection  system  (the  fuel  is  metered 
by  medianical  means),  which  usually  consists  of 
a  pump,  fuel  lines,  and  injector  nozzle.  When  the 
fuel  oil  enters  the  cylinder  it  vaporizes  and 
ignites  spontaneously. 

Mechanically,  the  diesel  engine  is  similar  to 
the  gasoline  engine.  The  intake,  compression, 
power,  and  exhaust  strokes  occurjn  th**  same 
order  as  shown  in  figure  8-1 .  The  arrange  iit  of 
the  pistons,  connecting  rods,  crankshaa,  and 
engine  valves  is  about  the  same. 

.ADVANTAGES  AND  DISADVANTAGES 
OF  THE  DIESEL 

The  main  advantages  of  dieSel  engine-:  as 
compared  with  gasoline  engines  are  high  power 
per  pound  of  fuel  (particularly  with  present  day 
high  spe^d  engines),  high  reliability  in  operation, 
low  fuel  consumption  per  horsepower  per  hour, 
and^reduced  fire  hazard. 

The  disadvantages  of  the  diesel  engine  are 
the  high  cost  of  manufacture,  the  heavier 
construction  necessary  to  withstand  the  high 
compression  pressures,  and  difficulty  in  starting 
because  of  high  compression  pressure. 

At  present  there  are  relatively  few 
diesel-engine-powered  passenger  automobiles, 
but  the  use  of  the  diesel  engine  for  small 
load-and  passenger-carrying  vehicles  is  becoming 
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bASOLINE 


.ON-DOWNWARD  STROKE  OF  PISTON. 
INTAKE  VALVE  OPENS  AND  ATMOS- 
PHERIC PRESSURE  FORCES  AIR 
THROUGH  CARBURETOR  WHERE  IT 
PICKS  UP  A  METERED  COMBUSTIBLE 
CHARGE  OF  FUEL.  THE  MIXTURE 
GOES  PAST  THE  THROTTLE  VALVE 
INTO  CYLINDER  SPACE  VACATED  BY 
THE  PISTON. 


INTAKE  STROKE 


CARBURETOR^ 


DIESEL 


ON  DOWNWARD  STROKE  OF  PISTON. 
INTAKE  VALVE  OPENS  AND  ATMOS- 
PHERIC PRESSURE  FORCES  PURE 
AIR  INTO  THE  CYLINDER  SPACE 
VACATED  BY  THE  PISTON;  THERE 
BEING  NO  CARBUIRETOR  OR  THROTTLE 
VALVE.  CYLINDER  FILLS  WITH  SAME 
QUANTITY  OF  AIR.  REGARDLESS  OF 
LOAD  ON  THE  ENGINE. 


ON  UPSTROKE  OF  PISTON.  VALVES 
ARE  CLOSED  AND  MIXTURE  IS  COM- 
PRESSED. USUALLY  FROM  1  tO  TO  ISO 
PSI.  DEPENDING  ON  COMPRESSION 

RATIO  OF  ENGINE. 


COMPRESSION  STROKE 


ON  UPSTROKE  OF  PISTON.  VALVES 
'.ARE  CLOSED  AND  AIR  IS  COMPRESSED 
TO  400  TO  600  PSI. 


POWER  STROKE 


SPARK  PLUG 


COMPRESSED  FUEL-AlR  MIXTURE  IS 
•  IGMITED  BY  ELECTRIC  SPARK.  HEAT 
OF  COMBUSTION  CAUSES  FORCEFUL 
EXPANSION  OF  CYLINDER  GASES 
AGAINST  PISTON.  RESULTING  IN 
POWER  STROKE. 


NOZZLE 


HIGH  COMPRESSION  PRODUCES  HIGH 
TEMPERATURE  FOR  SPONTANEOUS 
IGNITION  OF  FUEL  INJECTED  NEAR 
END  OF  COMPRESSION  STROKE. 
HEAT  OF  COMBUSION  EXPANDS 
CYLINDER  GASES  AGAINST  PISTON. 
RESULTING  IN  POWER  STROKE. 


MAGNETO 
OR- 

DISTRIBUTOR 


EXHAUST  STROKE 
4jjl300^F  Ah 


UPSTROKE  OF  PISTON  WITH  EXHAUST 
VALVE  OPEN  FORCES  BURNED  GASES- 
OUT.  MAKING  READY  FOR  ANOTHER 
INTAKE  STROKE. 


900°F 


UPSTROKE  OF  PIST0N\W'TH  EXHAUST 
VALVE  OPEN  FORCES  BURNED  GASES 
OUT.  MAKING  READY  FOR  ANOTHER 
INTAKE  STROKE. 


81.333 


Figure  8^1. -Comparison  of  sequence  of  events  in  diesel  and  gasoline  4-cycle  engines. 
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more    practical    with  the    development  of 

improveji,  lightweight,  high-speed  automotive 
diesel  engines. 

COMBUSTION  CHAMBER 
DESIGN 

Several  t^'pes  of  combustion  chambers  are 
used  in  modern  diesel  engines.  They  are  designed 
to  create  turbulence  in  the  cylinder  in  ord^r  to 
mix  the  air  and  fuel  more  effectively.  All 
modem  combustion  chambers  may  be  classified 
under  one  of  four  designs:  open  type, 
precombustion  type,  turbulence  chambers,  and 
energy  cells. 

Open  Combustion  Chamber 

The  open  combustion  chamber  (fig.  8-2)  is 
•  the  simplest  form 'of  chamber.  As'  the  piston 
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Figure' 8-2.— Diesel  engine  open  combustion  chamber. 


comes  up  on  the  compression  stroke,  ihe 
turbulence  is  -generated  by"  the  desip~"of  the 
cylinder  head  and  the  piston  crown.  The  injector 
is  mounted  in  the  cylinder  head  so  that  the  end 
extends  sli^tly  into  the  cylinder.  The  fuel  is 
injected  directly  into  the  combustion  space 
formed  by  the  top  of  the  piston  and  the  cylinder 
head.  The  open  chamber  requires  higher 
injection  pressures  and  a  greiater  degree  of 
"  atomization  than  the  other  types  of  combustion 
chambers  to  obtain  the  proper  air-fuel^iifuxing. 
To  equalize  combustion  in  the  combustion 
chamber,  it  uses  the  multiple  ^orifice-type 
injector  tip  for  effective  penetration  and  an^e 
of  spray.  v 

Precombustion  Chamber 

Figure  8-3  shows  vHi^"^.  ^ 
precombustion  chamber.  This^Tmber  is  usually 
separate  from  the  cylinder  head,,  but  is  screwed 
or  pressed  into  the  opening  provided  in  the 
cylinder  head.  The  precombustion  chamber  is 
water-cooled  because  it  extends  througl^i  the 
water  jacket  and  into  the  bottom  of  the  cylinder 
head.  It  must  be  sealed  at  both  ends  to  prevent^ 
water  leakage.  . 

As  the  piston  moves  up  on  the  compression 
stroke,  a  small  part  of  the  compre^ed  air  enters 


,  227.45 
Figure  8'3.— Diesel  engine  precombustion  chamber. 
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the  precombusiior  chamber  where  it  swirls 
rapidly  wit^iin  a  space.  The  fuel  nozzle  is 
of  the  single  hole  ty  r  a  id  is  mounted  into  the 
precombustion  chani'xr.  Since  fuel  is  injected 
from  a  single  ^--ole  nozzle  it  is  only  slightly 
atonuze.d,  and  ucp<,nds  on  the  hi^ly  turbulent 
air  for  further  atomization  and  ignition.  Because 
of  the  high  pressures  generated  inside  the 
precombustion  chamber  by  the  small  amount  of 
air  and  fuel  as  it  "be^^n:^  bum,  the  remaining 
fuel  is  atomized  and  vaporized  as  it  is  injected 
into,  the  precombustion  chamber^  and  is  then 
forced  in^,o  zhe  n?;un  combustion  space  to 
complete  tW  combustion  process. 

Turbulence  Ciiamber 

The  l^^rbulcnce  chamber  (fig.  8-4)  is  similar 
in  appearance  to  the  precombustion  chamber, 
but  its  function  is  different.  There  is  very  little 
clearance  between  the  top  of  the  piston  and  the 
head,  so  that  a  high  percentage  of  the  air 
between  the  piston  and  the  cylinder  head  is 
forced  into  the  turbulence  chamber  during  the 
compression  stroke.  The  chamber  is  -usually 
spherical,  and  the  opening  through  which  the  air 
must  pass  becomes  smaller  as  tjic  piston  reaches 
the  top  of  the  stroke.  This  increases  the  velocity 
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Figure  8-4.— Diesel  engine  turbulence  con^bustion 
chamber. 


of  the  air  in  the  chamber.  This  turbulence  speed 
is  about  50  times  crankshaft  speed.  Fuel 
injection  is  timed  to  occur  when  the -turbulence 
in  the  chamber  is  greatest.  This  ensures  a 
thorough  mixing  of  the  fuel  and  air,  causing  the 
greater  part  of  combustion  to  take  place  in  the 
turbulence  chamber.  The  pressure  created  by 
expansion  of  the  burning  gases  is  the  force  -lat 
drives  the  piston  downward  on  the  power 
stroke. 

Energy  Cell 

The  energy  cell  combustion  ^chamber 
consists  of  a  main  combustion  chamber  located 
in-  the  cylinder  head  with  an  antechamber  on  the 
opposite  side  of  the  combustion  chamber  from 
the  injection  no?;zle.  This  type  of  energy  cell  is 
called  the  Lanova  Energy  Cell.  It  is  generally 
used  in  high-speed  diesel  engines,  usually  with 
less  than  a  5-inch  bore.  v 

The  energy  cell  creates  a  high  turbulence 
within  the  main  combustion  chamber  by  sending 
a  high  velocity  mixture  of  fuel  and  air  into  the 
combustion  chaijiber  when  the  piston  starts  the 
downward  position  of  the  expansion  or  exhaust 
stroke.  This  tends  to  promote  completion  of 
combustion  very  quickly,  and  thus  gives  good 
ec9nomy. 

FUEL  SYSTEM 

The  fuel  system  of  a  diesel  engine  consists  of 
a  supply  tank,  filters,,  supply  pump,  lines,  and 
injection  system.  The  supply  tank  and  fuel  lines 
are  simUar  to  those  used  for  gasoline  engines. 

Fuel  for  a  diesel  engine  is, drawn  from  the 
supply  tank  through  the  primary  fuel  strainer 
(filter)  and  enters  the  supply  fuel  pump  on  the 
inlet  side.  The  pump  pressurizes  the  fuel,  forcing 
"Tf^lirough  a  fiTler  ainrfhrQUgOhTTiIS^  to 
the  fuel  injection  system.  The  fuel  is  forced  to 
the  injectors  and  through  small  spray  tip  orifices 
(atomizing  the  fuel)  in  the  combustion  chamber. 

FUEL  SUPPLY  PUMP  

Fuel  injection  pumps  must  be  supplied  with 
fuel  oil  under  pressure  because  tliey  have 
insufficient  suction  ability.  All  diesel  injection 
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systems  require  a  supply  pump  to  transfer  fuel 
from  the  supply  tank,  throu^  the' filters  and 
lines,  to  the  injection  pumps.  Supply  pumps  in 
use  on  diesel  engines  today  are  the  gear  and  vane 
pumps. 

Gear  Pump 

'  The  gear  pump  (fig.  8-5)  is  the  type 
commonly  used  on  diesel  engines.  Thi^  pump- 
has  two  spur  gears  which  mesh  together—one  the 
driving  gear  and  the  other  the  driven  gear. 
Qearances  between  the  gear  faces  and  the  casing 
are  only  a  few  thousandths  of  an  inch.  When  the 
gears  turn,  liquid  in  the  spaces  between  the 
unmeshed  teeth,  at  the  suction  side  of  the 
pump,  is  carried  by  the  teeth  towards  the  sides. 
Then  the  liquid  is  trapped  between  the  tooth 
pockets  and  the  casing  and  carried  through  to 
the  discharge  side  of  the  pump.  Liquid  entering 
the  discharge  side  cannot  return  to  the  suction 
side  because  the  meshing  teeth  at  the  center 
force  t)ie  liquid  out  of  the  tooth  pockets. 

Vane  Pump 


cover,  revolve  in  the  body,  the  bore  of  which  is 
eccentric  to  the  rotor.  Two  sliding  vanes  are 
placed  180  degrees  apart  in  slots  in  the  rotor, 
and  are  pressed  against  the  body  bore  by  springs 
in  the  slots.  When  the  shaft  is  rotated,  the  vanes 
pick  up  fuel  at  the  inlet  port  and  carry  it  around 
the  body  to  the  outlet  side,  where  the  fuel  is 
discharged.  Pressure  is  produced  by  the  wedging 
action  of  the  fuel  as  it  is  forced  toward  the 
outlet  port  by  the  vane.  A  spring4oaded  relief 
valve  is  provided  in  the  cover  of  th^  pump, 
connecting  the  inlet  and  outlet  ports.  This  valve 
opens  at  a  pressure  of  approximately  55  psi.  Its 
purpose  is  to  relieve  excessive  pump  pressure 
which  will  build  up  if  fuel  lines  or  filters  become 
clogged.  When  the  valve  opens,  fuel  passes  from 
the  discharge  side  (pressure  side)  to  the  suction 
side  of  the  pump. 


FUEL  INJECTION  AND 
COMBUSTION  ■ 

Diesel  fuel  injection  systems  must 
accomplish  five  particular  functions: 


In  the  vane-pump  (figs.  8-6  and  8-7),  a  steel 
rotor  and  shaft  one  end  supported  in  the  pump 
counting  flange  and  the  other  end  in  the  pump 
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1.  Meter  or  accurately  measure  the  correct 
amount  of  fuel  injected. 

2.  Time  the  fuel  injection  to  start  and  stop 
at  the  proper  time. 

3.  Control  the  rate  of  injection. 

'4.  Atomize  or  break  up  the  fuel  into  fine 
particles  according  to  the  type  of  combustion 
chamber:  '  . 

5.  Properly  distribute  the  fuel  in  the 
combustion  chamber.  ^ 

All  five  of  these  functions  are  necessary  for 
complete  and  efficient  combustion.  - 


Metering 

Accurate   metering  or  .^imeasuring  of  fuel 
.means  that,  for 'the  same  fuel  control  setting, 
— the^  same  quaniity  of  fuel  must  be  delivered-to- 
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Figure  8-5.-Typical  gear  fuel  pump  assembly. 


each  cylinder  for  each  power  stfbke  of  the 
engine.  Only  in  this  way  cah  the  engine  operate, 
at  uniform  speed  with  a  uniform  power  output. 
Smooth    e  ngine    operation    and    an  even 
distribution  of  the  load  between  the  cylindei-s 
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Figure  8-6.— Cutaway  view  of  vane-type  fuel  pufrip. 
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depend  upon  the  same  volume  of  the  fuel  being 
adn^itted^  i<i  a  particular  cylinder  each  time  it 
fires;  and  upon -equal  volumes  of  fuel  being 
delivered  .to  .ill  cylinders  of  tlie  engine.  The  fuel 
is  forced  into  the  cylinder  by  direct  pressure  on 
the  fuel  itself  (mechanical  injection).    '  * 

Timmg       


In  addition  to  measuring  the  amount  of  fuel 
injected,  the  system  must  properly  time 
injection  to  ensure  efficient  combustion  so  that 


maximum  energy  can  be  otained  from  the  fuel. 
When  fuel  is  injected  too  early  in  the  cycle, 
preignition  can  occur,  ca^using  the  engine  to  lose 
power  and  have  low.  exhaust  temperature. 
Excessive  delay,  on  the  other  hand,  will  cause 
high  exhaust  temperature,  and  possibly  cause 
damage  to  the  pistons,  rods,  and  bearings.  Also, 
this  condition  will  ca use  a  loss  of  fuel  by  wetting 
the  cylinder  Wtiils  and  piston  heads,  resulting  in 
smoke  in  the  exhaust  and  poor  fuel  economy. 
When  fuel  is  injected  too  late  in  the  cycle,  all  the 
fuel  will  not  bum  until  the  piston  has  traveled 
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Figure  8-7.— Vanes  and  rotor  in  hoiising  of  a  vane-type 
fuel  pump. 

well  past  top  center.  When  this  hapj;^ens,  the 
engine  does  not  develop  its  maximum  ^power, 
the  exhaust  is  smoky,  and  the  fuel  consumption 
is  higli. 


Injection  Rate  Control 

A  fuel  system  must  also  control  the  rate  of 
injection.  Tlie  rate  at.  which  fuel  is  injected, 
determines  the  rate  of  combustion.  Tiie  rate  of 
injection  at  the  start  should'be  lowenougli  that 
excessive  fuel  does  not  accumulate  in  the 
cylinder  during  the  initial  ignition  "delay  (before 
combustion  begins).  Injection  should  proceed  at 
such  a  rate  that  the  rise  in  combustion  pressure 
is  not  too  great,  yet  the  rate  of  injection  miist  be 
such  that  fuel  is  introduced  as  rapidly  as  possible 
in  order  to  obtain  complete  combustion.  An 
incorrect  rate  of  injection  affects  engine 
operation  in  the  same  way  as  improper,  timing. 
~Wheo  the  rate  oT  injection  is  too  high,  the  results 
are  similar  to  those  caused  by  a  too  early 
injection;  when  the  rate  is  too  low,  the  results 
an;  similar  to  those  caused  by  a  too  late 
injection.  • 


/ 


Atomization  of  Fuel 

As  used  in  connection  with  fufl  injection,, 
atomization  means' the  breaking  up  of  the  fuel, 
as  it  enters  the  cylinder,  into  small  particles 
wiiich  form  a  mist-Jike  spray.  Atomization  of 
the  fuel  must  meet  the  requirements  of  the  type 
of  . combustion  chamber  in  use.  Some  chambers 
require  vqry  fine  atomization;  others  Eunction)^ 
with  coarser  atomization.  Proper  atomization 
makes  it  easier  to  start  the  burning  process,  and 
ensures  that  each  minute  particle,  of  fuel  is 
surrounded  ^y  particles  of  oxygen  with  which  it 
canxombine.  i  , 

Atomization  is  generally  obtained  When  the 
liquid  fuel,  under  high  pres^re,  passes  through  .. 
the  small  opening  (or  openings),  in  the  injector 
or  nozzl^  As  the-  fuel  enters  the  vcombustion  v 
space,  high  velocity  is  developed  because  th"^ 
pressure  in  the  cylinder  is  lower  than  the  fuel 
pressure.  The  created  frictiojn,  resulting  from  the 
fuel  passing  through  the  air  at  high  velocity, 
causes  the  fuel  to  break  up  into  small  particles. 

Distribution  1 

A  fuel  injection  system  must  increase*  the 
•  pressure    of  the   fuel   enough-  to  overcome 
compression  pressures  and  to  ensure  proper 
c^stributipn   of  the    fuel   ^i)\cCtQd   into  the 
combustion  space.  Proper  dispersion  is  csspntiat 
'  if. the  fuel  is  to  mix  thoroughly  with  the  air  and 
'  bum   efficiently^   While   pressure  is  a  chief 
^  contributing  factor,  dispenrion  of  the  fuel  is 
influenced,    in    part,  .  by    atomization  and 
'penftTation  of  the  fuel.  (Penetration  is  the  dis-  - 
tance  through  wliich  the  fuel  particles  are  carried 
by  the  motion  given  them  as  they  Ifeave  ihe. 
uijector  or  r^ozzle.)  •  "    .  . 

If  the  a^tomization  process  reduces  the  size  . 
%of  the  fuel  particles  too  much,  they  will  lack 
pcnetratioi]/.  Toq  little  penetration  results  in  the- 
smdl  particles  of  fuel  igniting  before  they  have 
been  properiy  distributed  or  dispersed  in  the 
combustion    space.    Since    penetration  and 
atomization  tend  to  oppose  each   other,  a-  . 
comproniise  in  the  degree  of  each  is  necessary  in 
the    design    of    fuel  injection    equipment,  • 
particularly-  if  uniform  distribution   of  fuel 
within  the  combustion  chamber  is  to  be  obtained. 
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FueV'Injector  •  umt;   and   it    delivers   enough    pressure  to 

J  overcome  the  cylinder  pressure,  met     the  fuelj'  / 

Tlie  fuel  injector  is  mounted  in  the  cylinder       times  the  deliver,  controls. the  liate  of  injection,/ 
head  or  :ombustion  chamber  with  the  spray  tip       and  atomizes  and*  distributes'  the  fiiel  in  the  ' 
or  ,  injectojc    nozzle    protruding    into    the       combustion  chamber.  Usually  water tirculation 
combustion  chamber  similar  to  a  spark  plug  on  a     .  passages  keep  the  lower  part  of  the  unit  cool, 
gasoline  engine.  The  injection  system  combines       Figure  8-8  illustrates  and  lists  the  fart  of  a  unit 
all^the  operations  necessary  to  provide  complete       injector.  ' 

fuel  injection  to  each  cylinder.  Within  the  .  "  -        /  * 

injection  system  the  fuel  is  metered,  the  rate  of  .MAINTENAN\CE.-Wheri  '  fuel    injector  , 

injection  is  controlled,  injection  is  timed,  high.  troubles  are  suspectSJ,  an  J  before  removing  the 
pressure  necessary  for  distribution  is  created  or  injectors  for  shop  testing,  it  is  a  good  practice  to 
controlled, -and  atomiza^tion  occurs.  '  check  the  injectors  ind  attempt  to  isolate  tl^ose 

In  most  diesel  engines  the  fuel  is* delivered  to       which  are  causing  the  trouble..  First  operate  the 
the  cylinders  by  a  mechanical  injector  system       engine  at  a  speed  at  .Which  the  defect  is  more  ^  * 
that  can  be  divided  into  two  main  types-thp       pronounced.  On  engines  that  haye  a  pump  and 
distributipn   pressurized   type   ^d   the  unit       nozzle    fuel    system,   loosen    the    fuel  line 
injector  type.  i         -        connection  af  each  injector  pump  one  at  a  time 

The   distribution   pressurized   typfes  have       to*  deactivate  the /cylinders.  To  deactivate  the 
either  a  high  pressure  pump  that  discharges  fuel       cylinders  Tor  engines  viath  unit  injectors,  the 
in  a  common  header  to  .which  each  fuel  injet^or       plunger  mechanism  must  be  depressed. 
noz2^e  is  connected  by  tubing,  or. individual  liigh 
pressure  pumps  for  each  cylinder  connected  to 
the  fuel  injector  nozzle  by  tubing.  In  either  case 
the  injector  nozzle  docs  not  furnish  the  pressure 
necessary  to  overcome  Ihc'^cylinder  pressure  and 
•^pray  the  fuel  into  the  cylinder,  but  only  meters 
and  times  the  fuel  injection.  A  spring-loaded  , 
bypass  valve  on  the  header  or  on  the  line  to  the 
injector  nozzle  maintains  a  'constant  pressure 
and  returns  the  excess  fuel  to  the  supply  tank. 

Die  spray  or  injectipn  nozzle  extends  from 
the  top  of  the  cylinder  head  down  iptp  tiic  com- 
bustion area.  It  consists  of  a  multihole  spray  tip, 
a  valve  seat,  and  a  needle  valve  extending  the  full 
length  of  the  nozzle  and  head  to  its  seat  which  is 
supported  by  a  spring.  The  high  pressure  is  con- ' 
ducted  from  the  fuel  line  to  the  spray  tip  imme-  . 
diateiy  above  the  valve  scat.  When  the  valve 
needle  is  lifted  vertically  from  its  seat,  fuel  is 
sprayed  into  the  combustion  chamber. 

In  both  the  distribution  prcssuri^^ed  type  and 
the  unit  injection  type  of -fuel  i:ijection  syste,ms 
for  dicse!  engines,  the  pumps  ar  d  injector  nozzle 
arc  operated  by  cam-actuated  mc^htuijsms 
similar  to  the  valve  lifting  mcphanisnfs.  of 
intemal  combustion  engines.  / 

The  unit: injector  type  of  fuel  injection  has 
tlie  injection  nozzle  and  pressurization  pump  all 
in  one  unit  that  is  attached  to  the  cylinder  head.      ^  ^ 

The  delivery  fuel  pump  supplies  the  fuel  to  the      O  0  Figure  8.8.-U'nit  injector. 
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When  an  injector  is  found  in  which 
deactivation  caused  little  or  no  change  in  the 
irregular  operation  of  the  engine,  the  injector  is 
probably  calising  the  trouble  and  needs  to  be 
removed  and  tested  further.  It  is  seldom  that 
one  injector  alone  is  responsible  for  the 
trouble;  therefore,  do  not  stop  testing  when  the 
first  faulty  injector  is  detected  but  check  all 
injectors  by  the  deactivation  test. 

Unless  special  servicing  equipment  and  repair 
instructions  are  available,  defective  nozzles  and 
pumps  are  usually  exchanged  for  new  ones.  In 
an  emergency,  if  the  parts  of  the  injector  are  not 
too  badly  worn,  they  can  be  returned  to  a 
serviceable  condition  with  minor  adjustments 
and  a  thorough  cleaning.  Always  consult  the 
manufacturer's  recommeded  procedures  for 
disassembly  and  adjustment  of  the  injector. 

Remove  the  faulty  injector  from  the 
equipment  and  take  it  to  the  shop.  Tlic  injector 
is  too  delicate  a  piece  of  equipment  to  be 
disassembled  and  reassembled  in  the  field.  If  a 
dean  workbench  is  not  available,  cover  the 
available  bench  with  smooth-finish  wrapping 
paper.  To  prevent  mixing  of  parts,  disassemble 
only  one  injector  at  a  time^.  To  prevent  damage, 
exercise  care  in  disassemblmg  the  paits.  Inspect 
and  clean  all  pirts  as  they  are  disassembled. 
Qean  diesel  fuel  of  the  same  type  used  in  the 
engine  should  first  be  used  for  cleaning.  Dry 
cleaning  fiuid  may  be  used  to  clean  parts; 
however,  if  used,  dip  the  parts  in  diesel  fuel 
immediately  after  cleaning,  to  prevent  moisture 
from  the  hands  from  marring  the  higlily 
polished  surfaces. 

Carbon  may  be  scraped  from  the  outside  of 
the  nozzles,  but  be  careful  not  to  mar  the  edges 
of  the  orifices.  Reaming  tools  and  special  drills 
are  usually  provided  py  the  manufacturer  for 
cleaning  spray  nozzle  holes  (orifices).  No  drills 
other  than  those  supplied  or  recommended  by 
the  manufacturer  should  be  used.  In  performing 
reaming  or  scraping  operations,  remove  only  the 
foreign  matter.  Be  particularly  careful  not  to 
burr  the  metal.  After  repair  and  reassembly  of 
the  .  injector,  it  should  be  checked  for  leakage 
and  proper  opening  pa»ssurc  by  utilizing  an 
injection  tester. 


FUEL  FILTERS 

Fuel  filters  are  built  into  the  fuef  supply 
systems  of  diesel  engines  to  filter  any  abrasive 
impurities  that  may  be  in  the  fuel.  These 
impurities  may  have  been  difficult  to  eliminate 
during  the  process  of  refining,  or  they  may  enter 

the    fuel    tank    through   careless  refueli^ig.  

Whatever  the  source,  these  impurities  must  be^ 
_removecLto  protect  the  closely„fit ted  parts  in  the 
pumps  ana  nozzles. 

Must  diesel  engines  have  two  filters  in  the  ^ 
fuel  supply  system.  The  primary  (cjarse)  filter 
(sometimes  called  strainers)  is  usually  located 
between  the  supply  tank  and  the  fuel  supply 
pump,  and  the  secondary  filter,  between  the  fuel 
supply  pump  and  the  injector  or  injector  pump. 
Additional  filtering  elements  are  frequently 
installed  in  the  injection  pump  or  in  the 
injectors.  . 

Diesel  fuel  oil  filters  are  referred  to  as 
full-flow  filters/  since  all  the  fuel  must  pass 
through  the  filters  before  reaching  the  injection 
system.  Filters  must  be  inspected  regularly  and 
.  cleaned  or  replaced,  if  their  maximum  efficiency 
is  to  be  maintained.  All  metal  disc  filters  and 
some  cloth  bag  filters  are  cleanable,  but  most 
cloth  or  fabric  elements  must  be  replaced  when 
tlicy  become  dirty. 

Metal  Disc  Filter 

The  metal  disc  filter  shown  in  figure  8-9  is 
made  of  a  series  of  laminated  discs  placed  within 
a  large  bowl  which  acts  as  a  settling  chamber  for 
-  the_  [ucl  and  encloses  the  discs  or  strainer 
asse m bly7Tiicl~enters-the  fil tar-at Jthejo^le t 
connection  and,  flowing  dowi'*,  goes  between  tHe~~ 
discs,  and  then  up  a  central  passage  to  the  outlet 
connection  at  the  top.  Dirt  and  foreign  matter 
cannot  pass  between  the  discs  and  are  deposited 
at  the  outer  rim.  Tlie  clearance  between  the 
discs,  measured  in  microns,  is  small  enough  to 
prevc  t  the  paiisage  of  water.  Tliis  is  possible 
because  water,  when  present  in  gasoline  or  oil, 
forms  small  globules  that  aie  too  large  to  pass 
between  the  disjs!  Tlie  filter  shown  in  figure  8-9 
is  the  same  as  the  one  mentioned  above  except 
tliat  a  cleaning  knife  is  added.  Solids  large!  than 
0.005   inch   remain  on   the  outside  of  the 
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usually  has  an  air  vent  for  releasing  any  air 
vv:  :ch  mi^t  accumulate  in  the  filter  during 
engine  operation. 

Fabric  Filter 

Fabric  filters,  because  of  their  greater 
filtering  qualities^  are  used  principally  as  main 
filters  for  protPirting  the  fuel  injantion  system. 


Many  fuel  filters  now  in  use  require  changing  of 
the  filtering  element;,  however,  the  bag-tyt)e 
filter  shown  iii  figure/  8-10  is  more  desirable 
because  the '  element'  can  be  cleaned.  ThQ 
filtering  medium  is  a'large  bag  of  close,  evenly 
woven,  lintless,  acid-resisting  material. 

AIR  INTAKE  SYSTEM 

Much  of  the  information,  dealing  with  parts 
and  systems  of  the  diesel  engine  also  applies  to 
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Figure  8-9.— Metal  disc  fuel  filter. 


clement,  and  the  cleaning  knife  scrapes  these 
deposits  off  the  filtering  discs.  Tlie  solids  fall. to 
tlie  bottom  of  the  filter  housing,  where  they  can 
be  reinovcd  thr6ugli  the  drain  plug  hole.  A  ball 
relief  valve  (if  used)  in  the  filter  cover  enables 
the  diesel  fuel  oil  to  bypass  the  filter  element  if 
the  discs  become  clogged.  A  diesel  oil  filtcrt 
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Figure  8-10.— Bag-type  fuel  filter. 
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the  gasoUne  engine.  The  air  intake  system  is  no 
exception.  However,  the  intake  event  in  the 
cycle  of  operation  of  a  gasoline  engine  includes 
tlie  admission  of  air  and  fuel  to  the  cylinder  as  a 
mixture.  For  this  reason  the  intake  system  of  a 
gasoline  engine  diffei?,  in  some  respects,  from 
that  of  a  diesel  engine. 

 hr^ome-fotir-stroke-cycle-diesel-enginesT-air— 

is  forced  by  atmospheric  pressure  into  the 
cylinder  through  valves  to  displace  the  partial 
vacuum  created  by  the  pistons  movement  away 
from  the  cylinder  head.  However,  in  all 
two-cygle  and  many  supercharged  four-cycle 
engines,  air  is  forced  into  the  cylinder  by  a 
blower  (supercharger)  or  by  a  turbocharger.  The 
turbocharger  is  usually  an  exhaust-driven 
centrifugal  type  blower.  - 

The  main  job  of  the  blower,  supercharger,  or 
turbocharger,  is  to  supply  the  cylinder  with 
fresh  air  for  combustion  so  the  engine  can  bum 
more  fuel  and  develop  more  horsepower  than  if 
it  were  fed  throu^  valves  by  atmospheric 
pressure.  The  blower,  on  two-cycle  engines, 
consists  of  two  hollo\y  three  lobed  rotors 
enclosed  in  a  housing  on  the  side  of  the  cylinder 
block.  Tliey  revolve  without  touching  each 
other,  but  with  very  close  clearance.  At 
maximum  engine  speed  the  blower  is  capable  of 
supplying  a  continuous  discharge  of  fresh  Av  at  a 
pressure  of  7  psi. 

Figure  8-1  1  illustrates  how  the  air  is  forced 
into  the  cylinder  by  the  blower  tlirougli  the 
intake  ports  of  the  cylinder  lines  as  they  are 
uncovered  by  the  downward  stroke  of  the 
piston.  This  forced  air  action  forces  out  the 
bunicd  gases  througli  the  exhaust  valve  openings 
and  helps  to  cool  the  intcmaJ  parts  of  the 
engine;  particularly  the  exhaust  valves.  To 
improve  combustion,  the  intake  ports  arc  an^ed 
to  give  the  incoming  air  a  circular  motion 
(turbulence)  during  the  compression  stroke. 

Air  Cleaners 

Most  aviation  support  equipment  is  used 
around  areas  whcro  activity  constantly  stirs  up 
particles  of  dirt  and  dust.  Tliese  particles  may 
cause  internal  dimiage  if  they  enter  the  engine  as 
air  enters.  Therefore,  diesel  engines  an:  equipped 
*  with  air  cleaners  or  filters  to  o'  niinate  dust  and 


dirt  particles.  There  are  two  distinct  types  of  air 
cleaneis  used  on  diesels-  the  dry  type  and  the 
oil -bath  or  wet-type. 

DRY-TYPE  AIIl  CLEAN  ERS.^The 
dry-type  air  cleaner  draws  the  air  through  a 
cleaning  element^  which  may  consist  of  cotton 
fabric,  yyire  serpens  (especially  wound  copper 
crimp),  or  niet^l  wool  saturated  with  oil.  The 
cleaning  element  collects  the^ust  and  other 
abrasive  particles  from  the  air  as  it  passes  down 
through  thej  central  duct  into  the  blower.  The 
hollow  housing  supporting  the  cleaning  element 
also  serves  as  a  silencer  to  lessen  the  whining 
noise  of  the  air  entering  the  air  cleaner. 

OIL-BATH  OR  WET-TYPE  AIR 
CLEANER.-The  oil-bath  or  wet-type  air  cleaner 
is  similar  to  the  dry-type  cleaner.  The  main 
difference  is  that  the  wet  type  contains  an  oil 
reservoir  in  the  air  cleaner  bowl,  and  tlie  air  is 
directed  downward  into  the  oil  bath  where  most 
of  the  harmful  particles  are  removed.  The  air 
then  continues  upward  throu^  the  cleaning 
element  (metal  wool),  which  removes  the  finer 
harmful  particles  not  removed  by  the  oil.  From 
tliis  point,  the  air  continues  down  the  central 
duct  into  the  blo>yer  and  engine. 

STARTING  SYSTEMS 

At  the  beginning  of  this  chapter  it  was  stated 
that  the  pressure  and  temperature  ijiside  the 
combustion  chamber  must  be  high  enougli  to 
ignite  the  fuel-air  mixture  .when  the  fuel  is 
injected.  By  turning  ilie  engine  over  with  the 
sthrter  at  a  relaHvely  high  speed  (in  comparison 
to  the  Sliced  of  the  starter  of  a-gasoline  engine)- 
the  desired  pressure  in  the  combustion  chamber 
is  achieved.  Since  the  engine  and  fuel  arc  cold 
beforc  starting,  tlie  problem  is  to  compensate 
for  the  lack  of  high  temperature  necessary  to 
ignite  the  fuel  in  the  combustion  chamber.  ^!n 
small  diesel  engines  being  started  in 
temperatures  above  freezing,  the  electric  starter 
turns  the  engine  fast  enough  to  make  the 
pressure  higli  enougli  to  cause  tlie  fuel-air 
mixture  to  ignite.  To  start  larger  diesel  engines 
and  all  diesel  engines  during  cold  weather,  other 
starting  .systems  or  starting  assi5;ts  must -be 
employed,  or  the  engine  must  be  preheated. 
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Figure  8-11.— Air  intake  system  through  blower  and  engine  (two-cycle). 


Tiic  dicsd  engines  used  in  aviation  sirpport 
equipment  are  started  by  either  an  electrical 
system  consisting  of  an  electrical  storage  battery 
and  a  cranking  motor,  or  a  hydraulic 
combination  consisting  of  a  higli  pressure 
accumulator  and  a  hydraulic  oil-driven  motor. 
The  electrical  system  is  similar  to  the  system 
used  to  start  gasoline  engines,  except  that  the 
cranking  motor  tunis  tlie  diesel  engine  at  a 
relatively  higli  speed. 

The  hydraulic  starting  motor  receives  its 
motive  power  from  a  pressurized  accumulator. 
Tlie  accumulator  is  charged  with  hydraulic  fluid 


from  a  reservoir,  either  by  means  of  a  hand 
pump  or  an  engine-driven  hydraulic  pump  while 
the  engine  is  operating.  Tlie  accumulator  has  the 
ability  to  store  the  fluid  under  pressure  v^thout 
loss  of  pressure  for  long  enougli  to  permit 
starting  after  ovemiglit  parking,  The  hand  pump 
is  used  to  bring  the  accumulator  pressure  up  to 
the  starting  requirement  when  necessary. 

A  starting  valve  is  .  ed  to  release  the 
accumulator  pressure  -r.  the  cranking  motor. 
Tlie  starter  valve  is  a  dual  orifice  type.  A  smaller 
orifice  provides  Huid  pressure  for  initially 
engaging  the   drive   pinion,  while  the  larger 
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orifice,  opened  on  the  second  phase  of  the 
starting  valve  handle  movement,  cranks  the 
engine.  The  starting  valve  handle  is  initially 
opened  only  far  enough  to  engage  the  starter.  As 
soon  as  the  starter  is  engaged,  the  handle  is 
moved  all  the  way  open  to  provide  the  necessary 
pressure  to  turn  over  the  engine  with  the 
cranking  motor. 

~  The  starling  aSsiStsl'Called  starting  aids)  used 

to  start  a  diesel  engine  during  cold  weather  are 
two' typcs-the  fluid  primer  type  an JlhFglo w 
plug  type.  The  primer  type  utilizes  either  a 
sealed  cartridge  pr  can.  The  ^cartridge  or  can 
contains  a  highly  volatile  fluid  to  be  injected  in 
the  air  intake  system  to  assist  in  igniting  the 
diesel  fuel  injected  into  the  combustion 
chamber.  The  .starting  fluid  is  released  into  the 
rintake  manifold  as  starting  is  initiated.  By 
lowering  the  ignition  temperature  of  the  fuel-m^ 
mixture,  the  starting  fluid  permits  the  buildup 
of  pressure  in  the  combustion  chamber  to  raise 
the  temperature  of  the  fuel-air  mixture  higli 
enougli  to  reach  ignition  temperature. 

Figure  8-1  2  . illustrates  a  fluid  primer  starting 
aid.  The  cartridge  is  inserted  in  the  container 
and  pierced  by  the  shaft.  As  the  fluid  is  needed 
the  pump  is  operated  to  supply  the  fluid  to  the 
intake  manifold. 

The  glow  plug  starting  assist  is  an  electrical 
heating  element  installed  next  to  each  fuel 
injector  to  preheat  the  injector  and  the 
combustion  chamber.  Tlie  heating  element  is 
supplied  with  currcnt  from  the  battery.  The 
glow  plug  is  used  for  the  period  of  time  specified 
hi  the  nmnuf^cturer's  starting  instructions  and 
then  the  starter  is  energized  to  start  the  engine. 

Maintenance  and  repair  of  the  hydraulic 
system  of  the  hydraulic  starting  motor  are 
responsibilities  of  the  ASH.  To  repair  either  tlie 
hydraulic  or  the  electric  starting  motor,  the 
motor  is  usually  removed  from  the  engine  as  a 
■  ^  unit  and  a  replacement  installed  as  was  described 
for  gasoline  engines.  Be  \;ure  to  consult  the 
manufacturer's  maintenance  manual  before 
attempting  repair  of  either  type  starier. 

LUBRICATION  SYSTEM 

One    of    the    most    important  items 
contributing  to  the  long  life  of  an  engine  is  that 
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Figure  8-12.~Fluid  primer  starting  aid. 


of  proper  lubrication.  The  main  job  of  the 
lubrication  system  is  to  overcome  friction 
between  moving  parts.  If  this  friction  is  not 
eliminated,  moving  parts  will  melt,  fuse,  or  seize 
after  a  very  short  period  of  engine  operation. 

An  adequate  lubricating  system  has  been 
provided  to  nieel  a  wide  variety  of  working 
conditions  of  our  modem  diesel  and  gasoline 
internal  combustion  engines.  It  is  up  to  you,  the 
MHCHANIC,  to  keep  this  system  functioning 
properly. 

The  major  diffeience  between  the 
lubrication  systems  of  the  gasoline  and  the  diesel 
engine  is  that  the  latter  normally  contains  an  oil 
cooler  (fig.  8-13).  The  oil  pump  draws  the  oil 
from  tlie  oil  pan,  througli  the  strainer,  and  to 
the  oil  cooler.  After  leaving  the  oil  cooler  (where 
tlie  water  from  the  cooling  system  removes  the 
heat  from  the  oil),  the  oil  enters  the  main  gallery 
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Figure  8-13.— Sectional  view  of  an  oi!  cooler. 


(constantly  under  pressure)  in  tlie  cylinder 
block;  from  here  it  is  distributed  tlirougli  sniiill 
holes  and  openings  to  the  various  moving  parts 
and  bearings. 


COOLING  SYSTEM 

There  are  two  types  of  cooling  systenii-' 
employed  in  diesel  engines.  One  type  uses  the 
principle  -  of  the  heat  exchanger.  The  heat 
exchanger  is  a  device  that  transfers  heat  fiom 
one  lluid  or  liquid  to  another.  (Tlie  oil  cooler 
mentioned  earlier  is  ar  .^.aniple  of  a  heat 
exchanger.) 

The  most  common  type  of  diesel  cooling 
system  is  a  radiator  and  cooling  fan  (llg.  8-14). 
Meat  is  removed  i^y  ci*  uLtin^,  wate:  rougli 
water  jackets  sui  rounding  Viv;  hottest  parts  of 


the  engine  (cylinders  and  .the  full  length  of 
piston  travel).  Heat  is  transferred  to  the  water 
while  the  water  is  being  pumped  throu^  the 
pjissagqs  of  the  cylinder  block  and  up  into  the 
cylinder  head.  The  water  then  passes  through 
the  upper  hose  connection,,  and  the  heated  water 
is  carried  into  the  radiator.  As  the  water  flpws 
down  through  the  radiator  the  heat  is  removed 
by  a  stream  of  air  forced  through~the~fa3iaior  by 
the  fan.  From  the  bottom  of  the  radiator,  the 
wafer  llows  througli  the  lower  horse^coShection 
to  tlie  pump,  where  it  is  again  forced  into  the 
water  jackets  to  repeat  the  cooUng  cycle. 

MALFUNCTIONS 

Satisfactory  diesel  engine  operation  depends 
primarily  off  injection  of  the  proper  amount  of 
fuel  at  the  riglit  time  and  the  presence  of  an 
adequate  supply  of  air  compressed  to  a 
sufficiently  high  pressure.  Lack  of  power, 
uneven  running,  excessive  vibration,  stalling  at 
idle  speedy  and  hard  starling  are  malfunctions 
that  may  be  caused  by  low  compression,  faulty 
injection  in  one  or  more  cylinders,  or  lack  of 
sufficient  mr.  Testing  and  repair  of  fuel  inject- 
have  been  covered  previously  in  tJiis  chap^:  . 
Investigation  of  some  other  causes  of  nv.*; 
functions  is  covered  here. 

When  faulty  fuel  injection  issuspec'  '< 
fuel    supply   system  should   be  checb  .i  ly 
inspection  of  the  strainer  and  filter  to  l  i^^u'v 
^  that    they    are    not  clogged  and   pen  ;-rlj*rg 
contaminated  fuel  lo  cause  the  fuel  p.  or 
injectors  to  malfunction.  Be  sure  that  y.\  li 
connections  between  the   fuel  tank  an.^  "lo 
"injectors  arc  tigli'.  so  that  no  air  will  be  .  . 
into    the   fuel   system.   Consult    the   eui,.  ne 
manufacluivr's  mainter  ance  *nstructions  for  U-e 
proper  tests  of  the  supply  systi  ni. 

Poor  combustion  and  laci  of  power  \vi!l 
r?r '  from  excessive  restriction  of  the  air 
Uitake  which  affects  the  flow  of  air  to  the 
c^'linders.  An  obstruction  in  the  iiir  ir.lct  system, 
or  dirty  or  damaged  air  cleaners  may  result  in  a 
liigli  degree  of  intake  restriction.  The  air  inlet 
s^'stemcar.  be  visually  inspected  and  obstructions 
removed.  7  he  dir  cleaners  can  be  inspected  and 
cleaned  or  replaced  to  remove  this  discrepancy. 
A  pr  s.'.ure  ,:age  can  be  used  to  check  for  iiir 
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Figure 


/ 


•Cooliny  system  for  International  engine. 


intake  restriction.  Be  sure  to  consult  the 
man  u  fact  urefs  maintenance  iastriictions  for 
cl,-.rrj  y  ;.rcssurc  i\nd  method  of  using  the 
p;-.,'ssure  gai^^ 

Diesel  cylinder  compression  is  checked  in  a. 
manner  similar  to  that  for  gasohn*^  engines.  Since 
liigh  compression  is  one  of  the  requirements  for 
proper  comhustion  in  a  diesel  engine,  the  com- 
pression pressure  in  any  cylinder  should  not 
be  less  than  the  minimum  prescribed  loi  the 
particular  engine  at  the  aititudj  Jested.  Consult 
the  jnanufactun?r's  instrucrii;,\s  tbr  the  correct 
pressurc.  Low  cylindor  pressure  may  result  fron* 


piston  rings  being  stuck  Jjroken.  Another 
cause  may  be  compression  leaking  past  the 
cylinder  head  gaj^kets,  the  valve  .  seats,  rhe 
injectors,  or  a  hole  in  the  pistrn:.  Complete  er 
partial  dismantling  of  the  en '.'ne  may  be 
necessary  to  isolate  thv'  cause  if  not  determined 
by  leakage  tests. 

DANGER  OF  EXCESSIVE 
SPEED 

Engines  which  are  maintained  in  proper 
operating  condition  seldom  reach  speeds  above 
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those  for  which  they  are  designed.  However, 
there  may  be  times  when  speeds  become  too 
hi^.  Operation  of  an  engine  at  excessive  speeds 
is  extremely  dangerous.  If  engine  speed  is 
hi^  enou^,  the  high  inertia  and  centrifugal 
forces  developed  may  cause  parts  to  become 
seriously  damaged,  or  even  to  fly  apart.  ^ 
Therefore^  it  is  essential  that  you  know  vAiy  an 
engine  may  reach  a  dangerously  hi^  speed,  and 
how  it  may  be  brought  under  control  when  too 
much  speed  occurs. 

Causes  of  Excessive 
Speed 

In  some  2-^troke  cycle  engines,  lubricating 
oil  may  leak  into  the  cylinders  as  a  result  of 
leaky  blower  seals  or  broken  piping.  Even 
thougli  the  fuel  is  shut  off,  tlie  engine  may 
continue  to  operate,  or  even  run  away,  as  a 
result  of  this  combustible  material  coming  from 
the  uncontrolled  source.  Engines  in  which 
lubricating  oil  may  accumulate  in  tht  cylinders 
are  generally  equipped  with  an  automatically 
operated  mechanism  which  shuts  off  the  intake, 
air  at  the  inlet  passage  to  the  blower.  If  no  air 
shut-off  mechanism  is  provided,  and  shutting  off 
the  fuel  will  not  stop  an  engine  which  is 
ovcrspeeding,  anything  which  can  be  placed  over 
the  engine's  air  intake  to  stop  air  flow,  such  as  a 
piece  of  canvas  or  even  a  pair  of  dungarees,  will 
stop  the  engine. 

Excessive  engine  speeds  more  commonly 
result  from  an  improperly  functioning  regulating 
governor  thar  .torn  any  other  cause.  Tlic  usual 
method  of  accomplishing  an  emergency  shut 
down  when  the  regulating  governor  fails  to 
function  properly  is  to  shut  off  the  fuel  oil 
supply  to  the  cylinders.  If  this  fails  to  slow  the 
engine  or  stop  it,  the  air  supply  to  the  engine 
must  be  cut  off. 

CAUTION:  Do  not  risk  personal  injury  to 
stop  an  ovcrspeeding  engine  when  all  normal 
means  have  failed. 

STOPPING  FUEL 
SUPPLY 

Shutting  off  the  fuel  supply  to  the  cylinders 
of'an  engine  may  be  done  in  various  ways.  The 


fuel  control  mechanism  may  be  forced  to  the 
NO  FUEL  position;  the  fuel  line  may  be  blocked 
by  dosing  a  valve;  the  pressure  in  the  fuel 
injection  line  may  be  relieved  by  opening  a 
valve;  or  thf  rnociianical  movement  of  the 
injection  punp  may  be  prevented.  These 
methods  of  fL'Uli-^v.  off  the  fuel  supply  may  be 
done  either  nianuolly  or  automatically.  

OVERSPEED  SAFETY  ' 
DEVICES 

Automatic  operation  of  fuel  and  air  control 
mechanisms  is  accornplished  by  overspeed  safety  * 
devices.  As  emergency  controls,  these  safety 
devices  operate  orily  in  the  eyent  the  regular 
speed  govcmor  fails  to  maintac.i  engine  speed 
within  the  maximum  design  limit.  Devices  which 
function  to  bring  an  overspeeding  engine  to  a 
full  stop  by  completely  shutting  off  the  fuel  or 
air  supply  are  generally  called  OVERSPEED 
TRIPS.  Devices  which  function  to  reduce  the 
excessive  speed  of  an  engine,  but  allow  the 
engine  to  operate  at  safe  speeds,  are  called 
OVERSPEED  GOVERNORS. 

All  overspeed  governors  and  trips  depend 
upon  a  spring-loaded  centrifugal  governor 
element  fo^  their  operation.  In  overspeed 
device's,  Uio  spring  tension  is  great  enougli  to 
overbidance  the  centrifugal,  force  of  tlie  weiglits 
untD  engine  speed  rises  above  the  desired 
maximum.  Wlien  an  excessive  speed  is  reached, 
the  centrifugal  force  overcomes  the  spring 
tension  and  operates  the  mechanism  which  stops 
or  limits  the  fuel  or  air  supply. 

GOVERNORS  AS  SAFETY 
DEVICES 

When  a  governor  serves  a?  the  safety  device, 
actual  operation  of  tlie  fuel  or  air  control 
mechanism  by  centrifugal  force  may  be  brouglit 
about  directly,  as  in  a  mechanical  governor,  or 
indirectly,  as  in  a  hydraulic  governor.  In  the  case 
of  an  overspeed  trip,  the  shutoff  control  is 
operated  by  a  power  spring.  The  spring  is  placed 
under  tension  when  the  trip  is  manually  set,  and 
held  in  place  by  a  latch.  If  the  maximum  speed 
limit  is  exceeded,  a  spring-loaded  centrifugal 
weiglit  moves  out  and  trips  the  latch,  allowing 
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the  power  spring  to  operate  the  shutoff 
mechanism. 

INSPECTIONS 

PREOPERATIONAL 

To  obtain  the  'longest  life  and  best 
performance  from  a  diesel  engine,  the  operator 
"  musradhere^  to  the*  published'schuttalc'ot prea 
erational  inspection  and  preventive  maintenance. 
These  appear  on  Maintenance  Requirenient 
Cards  for  the  engine  or  the  equipment  having 
the  engine  as  a  power  source.  They  also  appear 


in  the  operator's  instructions  published  hy  the 
manufacturer.  Whert  first  using  the  diesel  en^ne 
after  overii^ul-€rr%hen  new,  the  operator  should 
carefalljMread  and  follow  the  instructions  of  the 
manufacturer.  Attempting  to  run  the  en^ne 
before  complying  with  these  instructions  may 
result  in  serious  damage  to  the  en^ne. 

PERIODIC  , 

 Any pcriaciic  "  inspcctron""  -or'  -prcvcntivc 

maintenance  performed  on  diesel  engines  should 
be  done  in  •accordance  with  the  Maintenance 
Requirement  Cards  for  the  en^ne  or  equipment 
on  which  it  is  used. 


/ 
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CHAPTER  9 


CHASSIS  SYSTEMS 


M'any  of  the  vehicles  maintained  by  Aviation 
■  Support  , -Equipment    Technicians    (M)  are 

/e/uipped  ""with    steering    mechanisms.  ,  The. 
^rpose  of  this  chapter  is  to  familiarize  the  ASM 
with   the    components   and    maiiUeiiance  of 
typical    steering    systems    and    the  related 
suspension  systenis.        '  ' 

"  STEERING  COMPONENTS  - 

Though  steering  may  be  a  simple  operation, 
the  steering  mechanism  is  rather  com{ihx. 
Figures  9-1  and  9-2  show  a  diagram  of  a  steering 


STEcrtlNG  KNUCKLE  PIVOTS 


-DRAG  LINK  TIE  ROD 

(CONNECTING  ROD) 


PITMAN  ARM 


-STEERING  GEAR  BOX 


>  STEERING  COLUMN 


STEERING  WHEEL 


mechanism  and^aiLillustration  of  an  actual 
steering  system. 

All  steering  mechanisms  have  the  same  basic 
parts.  The  steering  linkage  Jes  the  front  wheels 
together  and  connects  them  to  the  steering  gear 
case  at  the  lower  end  of  the  steering  column, 
which  in  turn  connects  the  gear  case  to  the 
steering  wheel. c 

 The.  anns.and .  rods  of  the  steering  linkage 

have  ball  or  ball  and  socket  ends  to  provide  a 
swivel  connection  between  them.  These,  jointed 
ends  are  provided  with  grease  fittings,  dust  seals 
or  boots,  and  many  of  them  have  end-play 
adjustment  devices.  These  joints  and  devices 
must  be  adjusted  and  lubricated  regularly. 

The  arms,  rods,  and  joints  of  steering 
linkages  in  your  equipment  may  be  arranged 
differently  from  those  shown  in  figure  9-1,  but 
you  will  finc^  them  in  the  same  general  location 
in  the  front  or  rear  and  underneath  the  vehicle. 
,  The  tie-rod,  for  example,  is  usually  located 
behind  the  axle  and  k^eps  the  front  wheels^iii 
pioper  alignment.  To  provide  for  easieF steering 
and  maximum  leverage,  the  tie-rod  may  be 
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Figure  9-1.— Diagram  of  a  steering  mechanism.  Figure  9-2.— Steering  assembly. 
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separated  into  two  lengths  and  connected  to  the 
steering  gear  near  the  renter  of  the  vehicle.  (See 
fig.  9-2.) 

The  rod  (drag  link)  connecting  the  steering 
arm  and  the  pitman  arm  may  be  long  or  short, 
depending  on  the  installation. 

The  pitman  arrji,  splined  to  the  shaft 
extending  from  the  steering  gear  case,  moves 
forward  and  ba^lcward  -depending  on  which 
way  the  wheels  are  turned.  It  is  approximately 
vertical  when  the  ftont  wheels  are  straight- 
ahead.  Thei-efore,  the';lcngth  of  the  connecting 
rod  is  determined  by  the  distance  between  tlie 
•steering  arm  and  the  vertical  position  of  the 
pitman  arm.  Unlike  the  tie-rods,  the  length  of 
the  connecting  rod  is  not  adjustable.  ; 

The  steering  gear  case  contains  the  gears  that  . 
control  the  movement  pf  the  pitman  arm  ^ 
steering  linkage.  Figure  9-3  shows  a  typical 
steering    gear    assembly,    the    location  of 
adjustment  screw,  and  the  niler  plug  for  gear 
lubricant. 


The  principal  parts  of  any  steering  gear  unit 
are  the  worm  gear  and  sector.  A  sector  is  a 
portion  of  a  full  gear.  The  sector  gear  and  worm 
pirovide  a  ratio  between  the  number  of  turxjs  of 
the  steering  wheel  to  one  turn  of  the  pitman 
'arm.  Because  the  pitman  arm  does  not  turn  a 
complete  revolution,  only  a  section  of  one  gear 
is  used  in  the  gear  arrangement.  The  gear  ratio  of 


the  steering  column  and  the  cross  shaft  which 
carries  the  pitman  arm  varies  from  4  to  1  to  18 
to  1  in  autcrmotive  equipment.  The  high  steering 
g^alNcatios  are  used  in  vehicles  which  are  hard  to 
steer ^  are  slow  moving;  Thj  low  steering  gear 
ratios  are  used  i;.i  vehicles  that  are  easy  to  turn.-^?, 

To  provide  easier  and  more'  efficient 
steering,  roller  and  ball  bearirigs.havc  been  added 
to  the  steering  gear  units.  The  design  of  the 
worm  gear  and  sector  has  been  changed,  and 
even  the  names  of  these  parts  are  different.  In 
figure  9-3,  the  worm  gear  is  called  a  cam  and  the 
sector  is  called  a  These  parts  work  on  the 
^same  principle  as  a  worm  gear  and  sector. 


UPPER  COVEk 


^  STEERINGI 
GEAR  SHAFT' 


NUT  AND 
LOCK  WASHER 


ADJUSTING  SCREW 


LEVER  SHAFT 


Figure  9-3.— Steering  gear  un.t  of  tue  zam  and  lever  type. 
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Another   form   of  steering   gear  is   the  are  the  same  except  that  a  longer  dra^  link  is 

recirculating  ball  and  nut  gear  (fig.  9^).  In  this  ^  necessary  to  permit  the  driver  to  face  forw.ard. 

assembly  the  nut  is  ..mounted  on  a  continuous  '  Because  the  steering  column  must  be  pointed 

row  of  balls  on  the'worm  to  reduce  friction.  forward  to  permit  the  operator  to  face  forward; 

The  ball  nut  is"  fitted  with  tubular  ball  guides-  the  distance  from  the  gear  box  and  pitman  arm 

to  return  the  balls  diagonally  across  the  nut  to,  to  the  steering  knuckle  arm  is  greater  than  oh  a 

recirculate  them.  As  the  nut  moves  up  and  ^  Tront  steering  vehicle,  ^'hus,  a  longer  drag  link  is^ 
a0vm7nhe"^itiTmir"a^^  — ^T^(pirccl^lVIure~inTdnT:jre-^^ 

wheej_sj_um  with  it.       ,       '                    \  >    being  equipped  wjth  rear  steering  mechanism, 

"    Ox\  equipment  that  is  steered  by  the  r&ar  especially   that   designed   for  aircraft  carrier 

wheels,  the  steering  components  and  operation  operation. 


A.  Lash  adjuster  screw  locknut 

B.  Lash  adjuster  screw 

C.  Worm  bearing  adjusting 
screw  iocknut 

D.  Worm  bearing  adjusting 
screw 


E.  Recirculating  balls 

F.  Pitman  arm 

G.  Wor  rA 

H.  Jacket 

J.  Steering  gear  shaft 
K.  Ball  nut 


'4 


Figure  &-4.— R«circulating  ball-type  steering  gear. 
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POWER  STEERING 

Automotive^  power/  steering  hydraulic 
systems  consist  of  three  uniTsr  the  puinp^^ 
(inckiding  reservoir),  the  power  cylinder ^r 
cylincjers,  and  the  control  valve.  The  power 
steering  pump  is  driven  by  the  engine  or  an 
-euginc--driven-a^:c^ssory  by  a  belt,  gears,  or  a 
shatt.  Lines  and  hoses  connect  the  three  units. 
All  systems-are-  eonstructed-so"that"the  vehicle 
can  be  steered  manually,  should  the  power 
steering  systetn  fail. 

One  kind  of  power  steering  system  has  the 
power  cylinder  and  control  valve  built  into  the  : 
gear  box  or  c^ise  at  the  ba^e  of  the  steering 
column.  As  the  steering  wheel  is  turned  to  the 
right  or  left,  the  control  valve  directs  hydraulic 
Huid  pressure  to  one  side  or  the  other  of  a 
piston  in  the  power  cylinder  that  is  connected  to 
the  pitman  shaft  and  arm.  Whe'n  the  driver 
•returns  5  the  steering  wheel  to  the  neutral  or 
straight  ahead  position  the  pressure  on  both  the 
right  and  left  turn  sides  of  the  piston  is 
equalized,  and  the  vehicle  travels  straight  ahead. 
The  pump  is  usually  adjacent  to  a  Huid  reservoir 
where  the  excess  hydraulic  Huid  is  stored.  Figure 
^)-5  is  a  diagram  of  this  type  of  system. 


CONVENTIONfiL 
STEERING  LINKAGE 


227.50* 

Figure  9-5.— Diagram  of  a  power  steering  unit. 


:  /  In  the  other  type  of  power  steering  system 
;  the  control  valve  is  on  the  pitman  arm  at  the 
'  base  of  the  steering  column.  The  power  cylinder 
is  mounted  on  the  tie  rod  between  the  wht4'h. 
In  the  one  shown  in  figun:  9-6,  the  n^wer 
cylinder  is  double  acting.  When  the  steering 
wheel  is  turned,  the  pitman  arm  turns  and/routes 
:  nuid-under-pressure-to  one-side  of-the  cylinder, 
which  assists  in  turning  the  wheels.  When  the 
steering  wheel  is  neutral,  equal  p/essure"  is 
applied  to  both  sides  of  the  power  cylinder.  , 

Since  pressure  is  built  up  in  *  the  power 
steering  system,*  the  fittings,  gaskets,  and  lines 
used'  in  the .  system  should  be  inspected 
frequently  for  leaks.  When  a  fitting  is  found 
leaking,  tighten  or  replace  it.  Gaskets  and 
packings  should  be  replaced  when  it  is 
determined  that  they  are  leaking  or  fau^iy.  The^ 
level  of  the  fluid  in  the  power  steering  system 
should  be  checked  .regularly  and  refilled  as 
necessary.  ';Care  should  be  exercised,  when 
adding  fluid,  that  no  foreign  matter  enters  tlie 
system  to  block  the  control  valve  and  cause  the 
system  tp  nialfunction. 

WHEEL  ALIGNMENT 

Steering  control  depends  greatly  upon  the 
position  of  the  wheels  in  relation  to  the  rest  of 
the  vehicle  and  the  surface  over  which  it  travels. 
Any  changes  from  the  specified  setting  of  the 
whcj^ls  affect  steering  and  the  riding  control  of 
the  vehicle.  Therefore,  the  ^proper  wheel 
alignment  is  inyoortaiU  for  vehicle  control. 

FRONT  l-NC  GEOMETRY 

F  ro  n  t  :  n  d  geo  me  t  ry  i  s  the  term 
manufacturers  use  to  desczibc*- steering  and  front 
wheel  alignment,  l-'ront  end  geometry  inckules 
pivot  inclinac-ion,  wheel  caster,  wheel  camber, 
toe-in,  and  toe-out.  These  terms  refer  to  angles 
in  the  front  wheel  alignment  Vhich  may  change 
because^ of  driving  over  rough-'terrain,  striking 
stationary  objects,  accident  damage,  and  wear. 
Pivot  inclination  (sonietiirres  called  kingpin 
.  angle)  (fig.  9-7)  is  the  r  :mber  of  degrees  that 
the  kingpin  is  tilted  toward  the  center  of  the 
vehicle  from  a  vertical  position.  Pivot  inclination 
keeps  the  wl^eel  spindles  pointed  outward  and  in 
line  with  the  axle  and  helps  to  make  steering 
easier. 
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Figure  9-6.— Power  steering  system. 
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Figure  9-7.— Pivot  inclination  and  camber. 


Caster  is  the  number  of  degrees  that  the 
steering  knuckle  is  tilted  to  the  rear,  or  to  the 
front. I  Castbr  lends  to  keep  the  front  wheels 
pointed  straight  ahead  and  bringS'-^hem  back  to 
straight  forward  position  aftrr  a  turn.  The  front 
wheel  of  a  bicycle  is  ciaslered  and  permits  the 
rider  ^to  steer  without  using  his  hands.  When  the 
caste  red  wheel  of  a  bicycle  is  turned  from  the 

•  straight  ahead  position  by  leaning  sideways,  the 
fron^t  end  is  slightly  raised.  After  ty*^^  i'^ 
made,  the  weight  of  the  bicycle  forces  the  front* 
enr?  J.own  and  helps  straighten  the  wheels. 

Caster  in  automotive  vehicles-with  leaf-type 

-  springs  is  obtained  by  inserting  wedges  or  shims 
between  the  front  axle  and  the  spring  so  that  the 
steering  k-iucklc  pivots  are  tilted  slightly 
backward  from  the  vertical.  Most  modem 
automotive  veliicles  do  not  have  leaf-type 
springs.  Vehicles  without  le^f-type  springs  use 
shims  between  the  uppt'r  suspension  arm  and  ih^ 
frame  to  obtain  the  desired  caster.  If  the 
knuckle  pivots  (kihgpinsj.  are  tilted  forward,  the 
caster  is  said  to  be  negative,  (See  fig.  9-8,)  The 
caster,  is  said  to  be  positive  when  the  knuckle 
.pivots  are  rilted  backward.  Most  vehicles  have 
positive  caster,  but  some  modern  vehicles  have 
negative  caster.  Caster  is  meas^ired  in  degrees. 
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Figure  9-8.— (A) Negative  caster; 

(Bl  positive  caster. 
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and  varies  from  approximately  1/2  degree  to 
approximately  3  degrees  on  modern  vehicles. 

Camber  (fig.  9-7)  is  the  number  of  degrees 
that  the  wheels  are  tilted  in  or  out  at  the  top. 
Wfieels  having  camber  are  closer  together  at  the 
.bottdi     than   they  are  at  tlie  top.  Camber, 

„t  0  g  e  t  h  e  r— w  i  t  h—  pi  vo  t — in  el  i  na  t  io  n^— red  uc  e-s- 
sidethrust  on  the  kingpin  bearings  in  the  steering 
knuckle  and  sttppert,  thus  permitting  easier 

-steering  and  less  wear  of  parts.  Camber  angle,  in 
today's  vehicles,  very  seldom  exceeds  1  degree 
and  is  obtained  by  tilting  the  wheel  spmdles 
slightly  downward  on  the  steering  knuckles. 
Camber  brings  the  wheels  perpendicular  to  tli.e 
surface  of  the  road,  permitting  better  rolling 
contact. 

In  modern  vehicle  design,  greater  pivot 
inclination  reduces  the  need  for  excessive 
camber. 

Wheels  that  have  camber  must  also  have 
toe-in  and  toe-out.  Foe-in  (fig.  9-9)  is  the 
number  of  inches  that  the  front  wheels  point  in 
toward  the  center  of  the  vehicle.  When  forced  to 
follow  a  straiglit  path  by  motion  of  the  vehicle, 
cambered  wheels  tend  to  slip  away  from  each 
other.  But  toe-in  wheels  tend  to  travel  toward 
ea^h  other  and,  therefore,  balance  the  effect^of^ 
camber.  - 

Toe-out  is  the  difference  in  the  turning  of 
the  inner  wheel,  with  the  outer  wheel  turned  at 

^^ji^JlOrdazra^^^ 
of  the  different  turning  radius  oj*  the  front 
wheels  and  the  necessity  of  preventing  slipping 
of  the  front  wheels  when  turning. 


TOC  IN  IS  OlSTANCf 
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Figure  j9-9.-To8-in. 
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STEERING  AND  ALIGNMENT 
MAINTENANCJEL  


The  drher  am  sense  steering  and  alignment 
troubles.  He  can  detect  hard  steering  or  play  in 
the  steering  system.  But  he  will  call  on  the  ASM 
to  find  the  trouble  and  to  remedy  it. 

Inspection  and  Testing 

Some  steering  wheel  play  is  normal  and 
provides  Tor  easier  steering  of  the  vehicle.  A 
large  amount  of  play,  however,  means  a  freer 
movement  of  the  steering  wheel  without  a 
corresponding  mov^ement  of  the  front  v/heels. 
Too  much  wheel  play  is  caused  by  improper 
adjustment  or  wear  of  the  steering  linkage, 
steering  knuckle  plates,  or  loose  wheel  bearings. 
Worn  or  improperly  adjusted  linkage 
connections  can  be  checked- by  jacking  up  the 
front,  end  of  the  vehicle,  grasping  each  wheel 
(front  and  rear  of  the  wheel),  and  moving;  the 
wheel  in  and  out  to  check  for  excessive 
movement.  At  the  same  time,  checks  for  worn 
steering  knuckle  parts  and  loose  wheel  bearirigs 
can  be  made  ,by  grasping  the  top  and  bottom  of 
_ ^^udl^ -W h PJi' L  and  ..^haking^  to  deJermLnc.._Jl\^^ 
amount  of  wobble. 

Test   the  steering  gear  by  watching  the 
pitman  arm.  wliila-sonYeone  turns  the  steering 
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wh'eel  one  way  and  then  the  other.  If 
considerable  movement  of  the  steering  wheel  is 
required  to  set  the  pitman  arm  in  motion,  the 
steering  gear  is  either  worn  or  out  of  adjustment. 

,  Hard  steering  may  be  caused  either  by  very 
tight  adjustments  or  mechanical  clifficulties  in 
the  steering  gear  or  linkages,  not  enough  air  in 
the  tires,  or  improper  wheel  ajignm 

Sometimes  the  driver  may  say  that  his 
vehicle  "wanders."  It  may  be  that  he  tends  to 
oversteer  the  vehicle.  Neva^rtkdcssiJiie-  vdi^i^le — 
"sfiouIS  be  checked  for  low  tire  pressures, 
irn  pro  per -front  wheel  alignment,  and  tight  or 
loose  wheel  and  brake  adjustments.  "Pulling"  of 
the  vehicle  when  braking  it  could  be  caused  by 
grubbing  brakes.  If  it  "pulls"  when  driven:  check 
for  proper  toe-in  and  toe-out,  in  addition  to  the 
other  causes  already  mentioned. 

Steering  shocks,  caused  by  sharp  and  rapid 
movements  of  the  steering  wheel,  may  be  the, 
result  of  driving  over  a  rough  surface  or  hitting 
-  objects  on  the  surface.  When  the  vehicle  does 
not  steer  ^properly,  it  should  be  checked  for 
sagging- springs,  defective— shock  absorbers,  or - 
looseness  in  the  steering  gear  or  linkage.  Uneven 
tire  inflation  also  could  be  the  cause. 

If  the  power  steering  mechanism  fails,  the 
steering  system  will  go  back  to  straiglit 
mechanical  operation.  Consult  the 
manufacturer's  manual  for  instructions'  on 
repairing  power  steering  units. 

If  your  shop  has  floating  turntables,  use 
them  to  check  steering  errors.  Run  the  vehicle 
up  on  the  tables,  then  turn  the  front  wheels  with 
steering  wheel.  E-ach  lloating  table  will  turn  with 
the  wheel  on  it  and  register  the  angle  of  the 
turn.  When  one  wheel  turns  20  degrees,  the 
other  should  turn  about  23  degrees. 

Before  checking  front  wheel  alignment  be 
sure  that  the  front  tires  are  properly  inilated, 
and  that  steering  knuckles  and  linkages,  shock 
absorbers,  and  the  wheel  bearings  are  correctly 
adjusted.  A  number  of  devices  may  be  used  for 
testing  wheel  alignment.  One  of  these,  the. 
wee-gee  board,  consists  of  a  metal  plate  fastened 
at  one  end  and  free  to  sideswin'g  on  the 
supporting  balls.  The  board  measures  the  sideslip 


other  hand,  if  the  indicator  moves  away  from 
the  center  of  the  vehicle,  the  wheels  have  too 
much  toe-in.  The  wee-gee  board  is  ^lot 
considered  to  be  very  accurate  or  reliable  device  . 
for  measuring  wheel  alignment  but  may  be  used 
when  none  of  the  more  accurate  measuring 
deVices  is  available. 

Another , device  for  measuring  toe-in  is  the  

measuring  pole  .(figf  9-10).  Each  pole  has  a 
pointer  and  a  gage__on__one_jn^^ 
— lengthcTrcirana^ortened  like  a  curtain  rod.^_ 

With  the  vehicle  resting  on  a  level  floor  aiul  ~^ 
the  wheels  in  a  straight  ahead  position,  push  the 
vehicle  forward  a  few  feet  to  remove  all  play  in 
the  axle  assembly.  Put  pencil  marks  on  the 
inside  walls  of  the  tires  at  equal  distances  from 
the  floor,  and  at  both  the  front  and  rear  of  the 
tire. 

Place  the  pole  between  the  two  marks  at  the 
front  of  the  tire  and  set  the  pointer  at  zero. 
Then,  use  the  pole  to  measure  the  distance 
between  the  two  rear  marks.  The  distance 
between  the  two  rear  marks  should  conform  to 
.„t4ie-^anufacturer's  specifications  If  not,  it  is 
necessary  to  adjust  the  toe-in. 

Servicing  and  Adjustments 

Adjust  the  length  of,  the  tie-rod  to  increase 
or  decrease  the  toe-in.  If  the  vehicle  has  two 
tie-rods,  it  is  necessary  to  adjust  each  tie-rod 
eq  lally.  In  figure  9-10  the  riglit-hand  tie-rod  is 
diastcd  for  the  proper  setting.  Figure  9-1! 
shows  a  cross  section  of  one  of  the  ends. 

Before  making  any  adjustments,  count  the 
number  of  exposed  threads  at  the  ends  of  the 
tie-rod.  One  end  of  the  tie-rod  has  a  right-hand 
thread  and  the  other  a  left-hand  thread  that 
screws  into  the  fitting.  Turning  the  rod  in  one 
direction  so  that  more  of  these  threads  enter  the 
fitting  will  shorten  the  rod.  When  you  tuni  the 
rod  in  the  opposite  direction,  more  threads  will 
be  exnosed  and  the  rod  becomes  longer.  Very 
little  turning  is  required  to  change  the  length  of 
the  rod. 

To  increase  or  decrease  toe-in,  loosen  the 
clamp  bolts  and  turn  the  rod  hi  the  direction 

_wliiich  ^(^VLoa^tlie_nLoacxj]jdllJiUlien t ^  Usela^ 


board,  watch  the  indicator  as  the  board  moves. 
If  the  indicator  moves  toward  the  center  of  the 
vehicle,  the  wheels  need  more  toe-in.  On  the 


pipe  wrench  and  make  one  ti'ni  at  a .  time;: 
Remember,  a  longer  tie-rod  will  increase  toe-in 
and  a  shorter  tie-rod  will  decrease  toe-in  if  the 
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Figure  9-10.— Measuring  pole. 
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Figure  9-11. -Tie     J  end  showing  clamp  bolt 
and  au,usting  threads. 


Caster  and  camber  may  also  be  checked  with 
the  wee-iicc  board.  If  ilv  lWO  front  wheels  do 
not  register  the  same  reading,  the  caster  and 
camber  of  one  or  both  of  the  wheels  are 
incorrect.  On  some  vehicles  caster  and  camber 
together  are  adjusted  by  turning  the  upper  arm 
pivot  with  an  Allen  wrench  (an  L-shaped 
hexagonal  bar  of  tool  steel  used  for  setscrews 
with  hexagonal  sockets)  or  a  special  offset 
wrench.  On  other  vehicles  follow  the 
manufacturer's  instructions  for  correcting  caster 
and  camber. 

Safety  ^ 

While  repairing  or  adjusting  the  steering 
system  and  .the.  wheel  alignment  be  sure  the 
vehicle  is  and  will  remain  stationary.  At  least 
one  wheel  should  bt^blocked  on  both  sides,  even 
if  the  equipment  is  on  a  leyel  surface. 


tie-rod  is  behind  u  o  axle.  If  the  tie-rod  is  in 


toe-in,  and  a  shorter  ti^e-rod  will  increase  toe-in.^ 
Always  tighten  the  clamp  bolts  after  making  an 
adjustment. 


SUSPENSION  SYSTEMS 


The  suspension  systems  lor  support 
equipment  differ  from  most  highway  driven 
vehicles.  This  is  becr.jse  most  of  the  support 
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equipment  is  not  designed  to  travel  over  15  to 
20  miles  per  hour  and  is  only  required  ' o  move 
short  distances.  Most  tow  tractors  have  no_ 
springs  as  the  axles  are '  bolted  to  the  frame 
(some  tow  tractors  have  only  front  springs). 
Most  support  equipment  that  have  suspension 
systems  have  the  coil  spring  type.  The 
components  of  a  suspension  system  are  the 
springs  and  shock  absorbers. 

SPRINGS 

Springs  support  the  frame  and  the  body  of 
the  vehicle,  as  well  as  the  equipment  mounted 
on  the  vehicle.  They  provide  a  flexible 
connection  between  the  wheejs  and  the  frame 
and  allow  the  vehicle  to  withstand  the  shocks  of 
uneven  surfaces.  The  best  spring  would  be  one 
that  absorbs  shock  rapidly  and  returns  to  its 
normal  position  slowly.  Since  the  spring  cannot 
perform  this  function  alone  it  is  assisted  by  a 
shock  absorber.  Very  flexible  springs  allow  too 
much  movement  of  the  frame  while  stiff  springs 
do  not  allow  enougli  movement. 

The  springs  do  not  actually  support  weight 
of  the  wheels  and  axles.  These  parts  make  up  the 
unsprung  weight  of  the  vehicle,  which  decreases 
the  action  of  the  springs.  Therefore,  the 
unsprung  weight  is  kept  to  a  minimum  to  permit 
the  springs  to  support  the  vehicle  franic  and 
load. 

Coil  springs  (Tig.  9*12)  are  used  on  most 
independent  suspension  systems  because  of  iov. 
cosf  and  maintenance.  The  n\ain  disadvaYitage  of 
coil  springs  is  that  their  Irictionless  action  rj^sults 
in  too  much  pitching  of  the  vehicle.  The 
pitching  is  dampened  by  the  action  of  the  shock 
absorber. 

iMgurc  9-13  shows  hov>  a  coil  spring  is 
"mounted.  The  spring  scat  aiuj  hanger  are  shaped 
to  fit  the  coil  ends:and  hold  the  spring  in  place. 
Spacers  made  of  rubberi/.ed  fabric  are  placed  at 
each  end  of  the  coil  to  prevent  squeaking.  The 
.  I  Libber  bumper/  mounted  in  .  the  spring 
supporting  member,  prevents  jnetal  to  metal 
contact  when  the  spring  is  compressed.  Coil 
spring  systems  require  torque  rods  or  a  stabilizer 
shaft  to  prevent  the  axle_froni  moving  forward 
and  back. 


hard  ride  because  it  (does  not  flex  and  rebound 

when  the  vehic!':*  passes  over  a  bump.  On  the   

^ther_Jiand,  a  sprirtg  which  is  to  flexible 
rebounds  too  much,  and  the  vehicle  rides 
roughly.  To  smooth  the  riding  qualities  of  the 
vehicle,  shock  absorbers  are  used.  They  i^revent 
excessive  jolting  of  the  vehicle  by  balancing 
spring  stiffness  and  flexibility.  They  allow  the 

springs  to  retumyto  rest-slowly-after-having  been  

compressed.  Single  Acting  sliock  absorbers  (fig.  , 
9-14)  check  the  spring  rebound;  double  acting 
shock  absorbers  (fig.  9-15)  ,  check  spring 
compression  as  well  as  rebound.  Most  shock 
absorbers  used  at  present  are  of  the  double 
acting  type  because  they  permit  the  use  of  the 
more  flexible  springs. 

Most  presently  used  shock  absorbers  are 
hydraulically  operated.  The  operation  of  . 
hydraulic  shock  . absorbers  is  easy  to  understand. 
Liquid  hydraulic  fiuid  within  the  shock  absorber 
is  forced  througli  a  small  opening  by  a  piston 
when  the  springs  are  fiexed.  Since  liquids  cannot 
be  comprei,sed,  the  movement  of  the  piston  is 

cohtroUed  by  the  rate  of  fiow  of  the  hyrlraulic  

fiuid  thro¥gh7"tlic'^pe:iing: "The  tube 
absorber,  ds  shown  in  figure  9-1 5(B),  is  used  on 
automotive  equipn.cnt  that  does  not  carry  heavy 
weight/  I:igures  9-14  end  9-15(A)  illustrate 
shock  absorbers  for  equipment  that  is  designed 
to  carry  heavy  weiglit.  The  tube  shock  absorber 
is  a  belf-contained  unit  that  cannot  be  repaired; 
'it  can  only  be  replaced  when  it  becomes  *  . 
inoperative.  The  heavy  duty  types  can  usually  be 
disassembled  and  repaired. 

Shock  absorbers  are  usually  attached  to  the 
vehicle  as  shown  in  figure  9-13.  Some  shock 
absorbers  are  a  part  of  the  suspension  system  as 
shown  in  figure  9-12.  Rubber  mountings  arc 
used  to  fasten"  shock  absorbers  to  the  frame  and 
axle  to  eliminate  wear  and  noise. 

MAINTENANCE       '  ^ 

Maintenance  of  steering  andAsus]  ension 
systems    includes   preoperation    and   periodic  * 

inspections  and  periodic  lubrication.     ;  '  " 

■■  ^ '  •  "* 

Inspections 


SHOCK  ABSORBERS  ^     -  Steering  components,  springs,  and  shock 

Springs  alone  are  not  always  satisfactory  in  a     Absorbers  should  be  checked  daily,  prior  to 
vehicle  suspension  system.  A  stiff  spring  gives  a       operation   of  the   vehicle.  This  preoperation— 
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inspection  consists  of  a  visual  inspection  for 
signs  of  lubricant  leakage,  corrosion  of  steering 
or  suspension  components,  and  loose  parts  such 
as  steering  or  spring  components.  Performance 
of  the  pre  operation  inspection  is  the 
responsibility  of  the  operator. 

Periodic  servicing  and  preventive 
Ltenaxice-  includes  a  detailed  visual 
inspection,  as  described  in  the  foregoing 
paragraph.  In  addition,  it  includes  lubrication. 


Lubrication 


Lubrication  involves  the  greasing  an^-  oiling 
that  is  performed  at  the  time  the  entire  vehicle  is 
greased.  Figure  9-1 1  shows  the  tie-rod  end  grease-^ 
fitting  and  figure  9-12  illustrates  the  same  for  a 
coil  spring  system.  Figure  9-3  shows  the  filler 
plug  for  keepinglhe  oil  in  the  steering  gear  mil 
to  the  proper  level.  Consult  the  manufacturer's 
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Figure  9-12.~Coil  spring  suspension. 
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Figure  9-13.— Coil  spring  mounting. 
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service  instrucHons  for  the  proper  -ubricant  to 
Frames 


which  it  is  subjected.  The  side  members  or  ra^'^ 
are   the   heaviest   parts  of  the   frame.  T..3 
crossmembers  are  attached  to  the  side  members 
strongly  enough  to  pre  ent  twisting  of  the  * 
frame.  Angular  pieces  of  'm^tal  (gusset  plates) 
-are  riveted  or  welded  at  the  points  where 
members  are  joined  for  added  strength. 
/ 

Frames  require  veryjittle  or  no  maintenance 
or  service.  Frames  that  hnvc  been  bent,  twisted, 
or  broken  may  be  repaiicu  if  the  dainage  is  not 
too  severe.  In  order  to  determine  if  a  frame  has 
been  bent,  frame  alignment  c?n  be  oheckeu  by 
several  methods.  One  method  of  checking  the 
'  frame  for  forward  alignment  is  by  us'ng  frani^ 
gages.  Frame  gages,  each  having  a  sight  mountcjj 
on  its  center  crossbar,  are  hung  froLi  the 
vehicle's  frame  in  three  places.  Frame  alignment 
is  checked  by  sighting  from  the^  front  of  the 
vehicle  to^yard  the.  rear.  U  the  *sight'  on  the 
center^.of  the  gages  do  not  line  up,  the  frame  is 
out  of  alignment. 


The  frame  is  generally  constructed  of  steel 
and  is  rigid  and  strong  so  that  it  can  withstand 
the  shock,  twists,  vibrations,  and  other  strains  to 


If  the  frame  is  out  ot_  line  Mt  is  usually 
permissible  to  straighten  it,  provided  tl»:t  the 
lack   of  alignment   is   not    loo  gn    .  T^e 
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Figure  9-14.  -Single  action  shock  absorbers. 
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COMPRESSION  RELIEF  VALVE  REBOUND  RELIEFVALVE 


(A) 


COMPRESSION  RELIEFVALVE 


227.54 

Figure  9-15.-Double  action  shock  absorbers.  (A)  Heavy  duty  type;  (B)  tube  typo. 
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appropriate  technical  manual  must  be  consulted 
prior  to  attempting  to  straighten  the  frame. 
When  frame  members  have  been  broken  or  so 
badly  distorted  that  they  require  replacement, 
new  members  can  be  installed  with  either  rivets 
or^  nuts-  and  bolts.  The  preferred  method  is  the 
hot-rivet  method,  in  which  the  rivet  is  heated 
before  it  is  rivetjd  into  place.  When  the  front 
suspension  erossmember  has  been  damaged,  it  is 
the  usual  practice  to  replace  it.  Tliis  is  because  it 
is  manufactured  to  such  close  tolerances  that  it 
is  practically  impossible  to. restore  it-to  perfect 
alignment  by  straightening,  if  damaged.  If  the 
front  .  erossmember  is  not  in  line,  the  front 
wheels  cannot  be  aligned  and  poor  steering  and 
rapid  tire  wear  will  result.. 


OXYGEN  PRESSURE 
REGULATOR 


ACETYLENE  PRESSURE 
REGULATOR 


OXYGEN  CYLrNii£^- 


Oxyacetylene.Welding 

Oxygen  unites  chemically  with  acetylene  gas 
in  oxyacetylene  welding,  and  when  these  two 
gases  burn,  the  flame  raises  the  temperature  of 
the  metal  so  tiiat  it  will  melt  and  blend  together. 
A  welding  torch  is  used  to  mix  the  gases  in  the 
desired  proportions  and  to  direct  the  flame 
against  the  parts  to  be  welded.  The  melted  edges 
then  flow  together  and  after  cooling  form  one 
<nVu\  pitMv  Wt-lding  rods  of  the  sanle  material  :is_ 


TORCH 
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Figure  9-16.-Oxyacetylene  welding  outfit. 


the  metal  being  welded  are  usually  added  to  the 
weld  as  it  progresses. 

The  welding  equipment  is  usually  fastened 
on  a  hand  truck  (fig.  9-16)-and  pushed  from  job 
to  job.  It  consists  of  one  cylinder  containing 
oxygen  and  one  containing  acetylene;  acetylene 
and  oxygen  pressure  regulators  complete  with 
piessiire  gages  and  connections;  a  welding  torch 
witli  mixing  head,  extra  tips,  and  connections; 
t'.vo  lengths  of  colored  hose  with  adapter 
connections  for  the  torch  and  regulators:  a 
special  wrench;  a  pair  of  welding  goggles:  a  flint 
ligiiter:  and  a  fire  extinguisher. 

OXYGHN.-Oxygen  pro(lu^^ed  for  welding 
,)urposes  is  called  technical^'oxygeni  Aviator's 
breathing  ,  oxygen  which  is  produced  for 
breathing  purposes  may  also'  be  used  for 
welding.  Since  technical  oxygen  must  not  -.be 
^  ised^  -  rar""'-brcat  1 1  i  ng— oxygcrr;— oni  y  breathing 
oxygen  is  carried  aboard  aircraft  carriers  and  is 
used  also  lor  welding.  Technical  oxygen 
cylinders  arc  solid  green  and  breathing  oxygen 


cylinders  are  gfeen  with  a  white  band  .around  tiie 
top.  • 

liach  oxygen  cylinder  has  a  high-pressure 
valve  located  at  the  top  of  the  cylinder.  This 
valve  is  protected  by  a  nu  tal  safety  cap  which 
should  always  be  in  place  when  the  cvlinder  is 
not  in  use.  Oil  and  grease  become  highly 
combustible  when  brought  iV.  contact  Vviih  pur  * 
oxygen.  Oxygen  hosj  and  valve  fittings  should 
never  be  oiled  or  greased  or  handled  with  greasy 
hands.  l:ven  greasy  spots  on  clothing  nK»  /  ignite 
when  a  . ruck  by  a  streahi  of  "oxygen.  bJL-swax 
should  be  used  to  lubricate  oxygen  equipment. 

ACHTYLENK. -Acetylene  is  a  flammable, 
colorless  gas.  It  has  a  (Mstinctivc,  disagreeable 
odor  that  is  easily  detected  even  when  greatly 
diluted  with  air.  Unlike  oxygen,  acetylene  does 
not  exist  free  in  the  air  but  must  be 
manufactured.  When  acetylene  is, mixed  with 
oxygen  in  the  pro  per.  pro  portion!;  arid  ignited  it 
burns  in  a  blue-white  fiame.  with  a  temperature 
of  between  5.700°  and  .6,300°F.  The  cylinders 
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containing  acetylene  are  painted  yellow,  and  the 
name  of  the  contents  is  painted  once  on  each 
side  of  the  cylinder  in  black  lettors  running 
lengthwise.  A  fully  charged  acetylene  cylinder 
contains  225  cubic  feet  of  gas  at  pressure  up  to 
250  psi.  These  cylinders  should  not  be  permitted 
to  become  entirely  empty  or  a  loss  of  filler 
material  may  result.  . 

The  safety  precautions  for  acetylene  should 
be  rigidly  enforced.  Some  of  the  more  important 
ones  are  as  follows:    ,  ^ 

1.  Store  acetylene  cylinders  upright  in  a" 
protected;  ventilated,  dry  place  away  from  heat 

_and  combustible  material. 

2.  Use  the  gas  only  through 
pressure-reducing   regulators   that   rCiduce  the 

"pressure  to  below"  I  S  psi. 

3.  Use  the  T-wreneh  to  open  the  acetylene 
\aive  -lowly  and  leave  the  wrench  in  place  on 

the  valve  so  the  valve  may  be  closed  quickly  . 

4.  Keep  flame"  and  heat  away  from  the  ^ 
cylinders  and  avoid  damaging  valves  or  fuse  « 
plugs  since  this  could  cause  leaking.  Test  for 
leaks  with  soapy  water,  not  open  ilame. 

5.  Have  the  outlet  pointed  away  from  the' 
o.Kygen  cylinder.  Open  the  cylinder  valve 
momentarily  before  attaching  the  regulator  to 
blow  away  dirtr~  ~^ 

6.  Do  not  interchange  ecjuipnient  in- 
tended f'^r  acetylene  with  that  iiUeiuKHl  for 
oxygen,  and  keep  the  valves  closed  on  empty 
cylinders. 

Should  an  acetylene  cylinder  eatch  fire  use  a 
wet  blanket -to  extinguish  itMf  this  fails,  spray 
the  cylinder  with  water  to  keep  it  cool. 

PRl-SSURE  RHCULATORS.  -AeetylLMi^^ 
and  oxygen  *  regulators  reduce  pressures  and 
control  the  How  .of  gases  from  the  cylinder  to 
the'  torch.  The  outlet  fitting  on^  acetylene., 
regulators  has  left-hand  threads  to  prevent  the 
'  interchange  witl\  oxygen  hose  which  has 
,  right-hand  threads.  In  a  portable  welding  unit 
.each  regulator  is  equipped  with  two*  pressure 
gages..  One  is  a  high-pressure  gage  that  indicates 
the  cylinder  pressure,  and  the  other  is  a 
low-presstire  gage  that  indicates  the  pressure  in 
the  hose  leading  to -the  torch  (working  pressure). 

Before  opening  the  valve  on  a  cylinder,  the 
adjusting  screw  on  the  regulator  should  be  fully 


released  by  turning  to  the  left.  This  closes  the 
'valve  inside  the  Regulator  and  protects  the 
mechanism  against  damage.  A  two-stage 
regulator  is  usually  used  with  portable, welding 
units.  In  two-stage  regulators  the  pressure 
reduction  is  accomplished  in  two  separate  steps. 
The  two  independent  diaphragms  and  valve 
assemblies  make  the.  operation  extreme iy 
efficient.  . 

WELDING  TORCH. -The  welding  tcrch  is 
the  unit  that  mixes  the  oxygen  and  acetylene  in 
the  proper  proportions  and  controls  the  volume 
of  the  gases  and  the.directiQn  of  the  tlame.  The 
torch  has  two  needle  valves  for  adjusting  the 
flow  of  each  of  the  gases.  A  handle,  two  tubes,  a 
mixing  head,  and  a  tip  are  also  provided.  Tips 
are  interchangeable  and  come  in  various  styles 
and  sizes  for  welding  different  thicknesses  of 
metal.  The  most  ^widely  used  torch,  the 
balanced-pressure  type,  has  the  oxygen  and^the 
acetylene  both  fed  to  the  torch  at  the  same 
pressure.  The  openings  to  ihe  mixing  chamber 
for  each  gas  are  equal  in  size,  and  .he  (  elivery  of 
each  gas  is  independently  controlled. 

The  torch  tip  delivers  and  controls  the  final 
flow  of  gases,  ft  is  important  that  the  correct  tip 
be  used  with  the  proper  gas  pressures  to  ensure 


the  job  is  satisfactorily  welded;The  nature  of  the 
weld,  the  material,  the  experience  of  the  welder, 
and  the  position  in  which  the  weld  is  made  all 
determine  the  correct  si/.e  of  the  tip  opening. 
Tl'-  size  of  th'e  tip  opening  determines  the, 
amount  of  heat  (not  the  temperature)  applied  to 
the^  work.  If  the  tip  is  too  smalK  the  heat 
provided    will    be    insufficient  r  to    product  , 
penetration  to  the  proper  depth.  If  the  tip  is  too 
large,  the  heat  will  be  too  great  and  holes  will  be 
burned    in    the    metal.   The    hoses   used  in 
connecting  the  cylinders  to  the  torch  must  be 
specially  made  for  the  purpose.  Oxygen  hose  is^ 
eithtir  green  or  black  and  acetylene  is  red  or 
maroon. 

A  flint  lighter  is  provided  for  ignition  of  the 
torch.  The  lighter  consists  of  a  file-like  piece  of 
steel  and  a  piece  of  flint  that  can  be  drawn 
across  the  steel.  These/are  mounted  in  a  wire 
spring  device  that  assumes  an  open  position  after 
beir.g  squeezed  to  produce  the  spark. 
CAUTION:  Do  not  use  matches  to  light  the, 
torch.  They  cause  the  .hand  tjo  be  too  close  to 
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the  torch  and  could  cause  severe  burns  to  the 
hand 

Welding  goggles  are  fitted  with  colored  filter 
"ienses  to  prevent  harhiful  ultraviolet  rays  from 
entering  the  eyes.  They  also  keep  out  heat, 
sparks^  and  molten  metal.  The  filter  lenses 
■'•should  be  protected  by  a  clear  glass  cover.  The 
desired  lenses  are  those  having  the  darkest 
possible  shade,  consistent  with  the  ability  to 
show  a  clear  definition  of  the  wor^  without 
eyestrain.  Goggles  should  fit  closely  and  should 
be  worn  at  all  times  during  welding  and  cutting 
operations.  Sjpecial  goggles  are  available  to  be 
worn  with  spectacles. 

The  material  in  the  welding  or  filler  rod  not 
only  adds  reinforcement  to  the  weld  area. but 
also  adds  desir-cd-properties  to  the  finished  weld. 
By  selecting  the  proper  type  of  rod.  either 
tensile  strength  or  ductility  can  be  secured  in  a 
weld,  or  both  may  be  secured  to  a  reasonably 
high  de^ee.  Welding  rods  are  manufa^:tured  in 
standard  36-inch  lengths  and  in  diameters  from 
1/16  inch  to  3/8  .inch.  The  diameter  of  the  rod 
used  is  governed  by  .the  thickness  of  the  metals 
being  welded.  If  the  rod  is  too  small,  it  will  not 
conduct  heat  away  from  Jhe  weld  fast  e.-«ough 
and  a  burned  weld  will  result.  A  :od  that  is  too 
Jar^a  vvilL-chill  t^ie^Aveld.     ,  _ 

The  neutral  flame  used  in  welding  does  not 
alter  the  composition  of  the  metal  being  welded 
and  therefore  is  best  suited  for  most  welding. 
The  neutral  Hame  burns  at  approximately 
5,850"^  F.  A  balanced  mixture  of  one  part 
oxygen  and  one  part  acetylene  is  supplied  from 
the  torch  when  the  flame  is  adjusted  to  neutral. 
The  neutral  flame  is  divided  into  two  distiiKijt 
zones.  The  inner  zone  consists  of  the  conc-ii 
white,  clearly  defined,  round,  smooth  cone] 
1/16  to  3/4  inch  in  length.  The  outer  /ojii>; 
made  up  - of  completely  burned  oxygen  and 
acetylene,  is  blue  with  a  purple  tinge  at  the 
point  and  edges.  A  neutral  flame  melts  the  metal 
without  changing  its  properties  and  leaves  the 
metal  clear  and  clean.  If  the  mixture  of  oxygen 
and  acetylene  is  correct,  the  neutral  flame  allows 
the  molten  metal  to  flow  smoothly  and  few 
sparks  are  produced  when  welding  most  metals. 

To  ivdjvist  the  tlame,  ppepare  to  light  the 
^orch  by  opening  the^orch  acetylene  valve  1/4 
'  to  1/2  turn.  Light  the  torch.  The  tlame  will  be 
yellow  in  color  and  give  off  smoke  and  soot. 
Nexi'open  the  oxygen  valve  sl'owly.  The  flame 


will  gradually  change  in  color  from  yellow  to 
blue  and  will  show  characteristics  oL  exceSs 
acetylene  flame.  The  excess  acetylene  flame 
includes  a  bluish-white  inner  cone,  a  while 
intermediate. cone,  and  a  light  blue  outer  flame. 
It  will  also  have  a  feather  at  the  tip  of  the  inner 
cone.  Now  close  the. acetylene  valve  veiy  slowly. 
The  intermediate  cone  will  get  smaller  until  it 
finally  disappears  completely.  The  point  of 
complete  disappearance  of  the  intermediate 
cora  is  i:he  point  at  whi'ch"the^'neutr 
formed,  i  To  utilize  the  complete  welding 
capability  of  the  torch,  the  oxygen  and 
r.cetylene  valves  should  be  alnlost  completely 
open. 

Hold  the  torch  so  that  the  tip  is  in  line  with 
the  joint  to  be  weJded  and  inclined  between  30 
and  60  degrees  from  the  perpendiculr:.  The 
exact  anglQ  depends  on  the  type  of  weld  to  be 
made,  the- amount  of  preheating  necessary,  and 
the  thickness  and  type  of  metal.  The  thicker  the 
metal,  the  more  nearly  vertical  the  torch  must 
be  for  proper  penetration.  The  white  cone  of  the 
flame  should  be  beld  about  1/8  inch  from  the 
surface  of  the  weld.  If  the  torch  is  held  in  the 
correct  position,  a  small,  puddle  of  molten  metal 
will  form.  The  puddle  will  be.composed  of  equal 
parts  of  the  two  pieces  being  welded.  After  the 
puddle  appears,  begin  a  movement  of  the  tip  in  a 
semicircular  or  circular  motion.  This  movement 
assures  an  even  distribution  t^f  heat  to  both 
pieces  of.  metaL  A  filler  rod  is  used  to  add 
strength  and  reinforcement  to  the  weld.  Welding 
is  always  done  in  the  flat  position  if  possible. 
The  puddle  is  much' easier  to  control  and  the 
welder  can  work  longer  without  tiring. 

CUTTING. -Cutting  iron  or  steel  with  an 
oxyacetylcne  torch  simply  speeds  up  thq  process 
of  oxidation  of  the  metal  in  a  localized  area 
because  iroQ,  oxidizes  more  readily  when  hot. 
Pure  oxygen,  when  directed  on  a  hot  piece  of 
iron,  incre;5:ies  the  rate  of  oxidation  so  much 
that  the  metal  is  actually  burned  away.  The 
metal  is  heated  to  a  bright 'red,  which  indicates 
that  the  kindling  or  ignition  temperatur:^  has 
been  reached,  and  a  jel  of  high-pressure  oxygen 
is  directed  ^against  it.  This  oxygen  blast  combines 
vvith  the  hot  metal  and,  forms  an  ifitensely  hot 
V.  oxide.:  The  molten  oxide  is  blown  down  the 
sides  of  the  cut,  heating  the  metal  in  its  path  to 
a -kindling  temperature.  The  metal  thus  heated 
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*  also  bums  to  an  oxide  which  is  blown  ^away  on 
the  underside  of  the  pieces  ^ 

A  cutting  torch  (fig.  9-17)  combines  a 

•  heating  flame  with  a  jet  of  pure/xygen  under 
pressure.  The  heating  flame  preheats  the  metal 
Jo  a  bright  red,  and  the  oxygen  jet  is  directed 

.  *^upon  .he  hot  metal  to  burn  it  away  and  thus 
form  a  lait,  known  as  a  kerf,  in  the  metal.  The 
heating  fiame  !n  a  cutting  tip  is  usually  not  fed 
by  a  single  hole  as  in  a  welding  tip  but  comes 
through  several  holes  jwhich  are  arranged  in  a 
ring  around  a  larger  center  hole  for  oxygen.  The  ^ 
center  tube  tapers^as  it  reaches  the  tip  opening 
to  increase  the  velocity  of  the  oxygen.  The 
'high-pressure  oxygen  cutting  jet  is  regulated  by 
.    an  auxiliary  oxygen  control  valve  operated  by  a 
--lever  as  sho^Y"  in  figure  9-17. -In  cutting  as  in 
welding,  the  pressure  of-oxygen  and  acetylene 
and  tliii  size  of  the  tip  are  determined  by  the 
thickness  and  quality  of  the  metal  to  be  cut. 

The  line  to  be  cut  should  be  marked  on  the 
metal  with  soapstone  or  chalk.  Then  place  the 
'  metal  so  that  this  line  is  beyond  the  end  of  the 
.^^elding, bench.  If  an  exceptionally  straiglit  cut  is 
desired,  clamp  a  bar  of  ^teel  across  the  material 
to' gtiide  the  torch.  Hold  the  torch  in  the  right 
hand  so  that  there  is  instant  and  posTtive  control 
of  the  oxygen,  control  lever-The  left  hand 
shoyld  be  used  to  steady  and  guide  the  cutting"-' 
torch.  A  firebrick  dr'some  other  similar  object 
placed  on  top  of  the  inateriul  to  be  cut  will 


provide  a  good  rest  for  the  left  hand  and  help^ 
steady  the  torch/ If  the  cutting  tip  wavers  from 
side  t  :^  side,  oa  Wide  kerf  will  be  made  and  Nvill 
result   in  slower  speed  and  *  greater  oxygen  - 
consumption. 

Begin  cutting  at  the  edge  of  the  piece.  Hold' 
the  tip  perpendicular  to  the  surface  of  the  metal, 
keeping  the  inner  cone  about  I /1 6  inch  from  the 
line.  Hold  the  flame  at  this  point  until  a  spot  in 
the   metal  turns  bright  red,  then  gradually 
depress  the  oxygen  control  lever.  As  soon  as  the 
cutting  starts  there  \^ill  be  a  shower  of  sparks 
from  the  lower  side  of  the  material,  and  the 
'oxygen  control  lever  should   then  be  fully' - 
depressed.  When  the  cut  has  been  started  all  the 
way  tluough  t|ie  material,  move  the  toich  slowly 
but  steadily  along  the  Hne.  The  motion  of  the 
cutting  torch  should  be  Just  fast  enough  to 
penetr«Tte    completely    without  excessive 
oxidation  or  melting. 

Some  of  the  most  important  safety 
regulations  for  ^using  the  oxyacetylene 
welding/cutting  equipment  are  as  follows: 

1.  Do  not  use -oil,  grease,  or  any  lubricant 
on  welding  or  cuttjns  equipment.  Never  permit 
oil  or  grease  to  come  in  contact  with  oxygen 

^  underipressure.  , 

2.  Always  use  the  proper  tip  or  nozzle  and 
operate  it  at  the  proper  pressure  for  the  work 


CUTTtNG  OXYGEN 
■  •  LEVET^ 


ACETYLEf^ 
NEEDLE  - 
.  VALVE 
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Figure  9-17.-rMtting  torch. 
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involved.  This  information  shqiild  be  kaken  from 
the  tables  furnished  with' the  equipment. 

3.  Do  not  experiment  or  change  regulators 
in  any  way.  Always  use  regulators  with  the  gas 
for  which  they  were  designed. 

4.  Use  friction  hghters,  not  matches,  to^ 
liglit  torches  to  prevent  possibility  of  serious 
hand  injury.  Do  not  light  torches  from,  hot 
metal.  1 

5.  Do  not  permit  a  mixture  of  unburned 
oxygen  and  acetylen^e  to  aitcuntuiate  in  a 
confined  space.  This  accumulation  can  becpnie 
an  explosive  mixture  and  cause  damage  and 
personal  injury  when  accidentally  ignited. 
Welding  should  always  be  done  in  a  well 
ventilated  space. 


6.  Always  wear  goggles  designed  for 
welding  use  when  working  with  a  lighted  torch. 

7.  When  extinguishing  the  torch,  close  the 
acetylene  valve  first  arid  then  the  oxygen  valve. 

Practice  and  experience  will  make  you  a 
good  welder.  When  learning  to  weld  be  sure  an 
experienced  welder  is  your  instructor  and  is.on' 
hand  each  time  you  are  using  the  torch.  Plan,, 
your  work  so  y£)U  always  know  what  you  will 
attempt  to  accompHsh  next.  / 

Fbr .  further  information  on  welding,  the 
ASM  should,  consult  A viation  Sup nort 
Eqiiipmeni  F  3&2,  NAVEDTRA  1031 6-A, 
chapter?.  ^ 


CHAPTER  10 


POWER  TRAINS 


The  aviation  support  equipment  that  is 
powered  and  mobile  must  have  a  method  of 
transferring  the  .  power  from  the  engine  to  the 
>yheels.  This  is.  the  power  train  and  consists  of 
clutch,'  transmission,  propeller  shaft  and 
universal  joints,  differential,  and  axles.  Figure 
10-1  shows  onje  type  of  power  train. 

This  chapter  contains  a  genefal  discussion  of 
these  parts  of  a  power  train.  The  operati<5n  and 
repair  manuals  which  accompany  each  piece  of 
equipmerit  will  give  more  detailed  information- 


CLLTCH  ASSEMBLIES 

The  clutch  is  placed  in  the  power  tr:in  of 
motorized pduipmentYor  two  purposed: 


First,  it  provides  a  means  of  disconnecting 
the  power  of  the  engine  from  the  driving  wheels 
and  accessory  equipment.  When  the  clutch  ^is 
disengaged,  the  engine  can  run  without  driving 
the  vehicle  or  operating  the  accessories.  ;. 

'Second,  when  the  vehicle  is  started,  the 
clutch  allows  the  engine  to  take  up  tiie  load  of 
driving  the  vehicle  or  operating  accessories 
gradually  4nd  without  shock. 

Clutches  are  'located  .n  the  power  train 
between  the  source  of  power  and  the  operating 
unit.  Usually,  they  are  placed  between  the 
engine  and  the  transmission  assembly,  as  shown 
in  figure  10-1.  ' 

Clutches  transmit  pc.ver  from  the  clutch 
driving  member  to  the  driven  member  by 
friction.  In  the  PLATE  CLUTCH  (fig.  10-2),  the 
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Figure  10-1. —Power  train. 
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Figure  10-2.-Exploded  and  cross-sectional  view  of  a  plato  clutch. 
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driving  member  or  plate,  which  is  secured  to  the 
engine  flywheel,  is  gradually  brought  in  contact 
with  the^  driven  member  (disc).  The*  contaqt  is 
made,  and  held  by  strong  spring  pressure 
controlled  by  the  driver  with  the  clutch  pedal. 
With  only  a  light  spring  pressure,  there  is  little 
friction  between  the  two  members,  and  the 
clutch  is  permitted  to  slip.  As  the  spring  pressure 
increases,    friction    also    increases,   and  less 

slippage  occurs.   ^ 

When  the  driver  removes  his  foot  from  the 
clutth  pedal  and  tuli  spring  pressure  is  applied, 
the  speed  of  the  driving  plate  and  driven  disc 
the  sameraniTall  slipping  stops.  There  is  then  a 
direct  vonnection  between  the  driving  and 
driven  shafts. 

/  Irr,  niOs.t  clutches,  there  is  a  direct  mechanical 
linkage  between  the  clutch  pedal  and  the  clutch'' 
release  yoke  lever!  On  many  late  model  vehicles, 
.lind  on  some  of  the  larger  units  which  require 
/great  pressure  to  release  the  spring,,  a  hydraulic 
clutch  release  system  is  used.  A  master  cylinder, 
similar  to  the  brake  master  cylinder,  is  attached 


-ta ^thp  .  . clutch^.  pedai^A^yiindeiU-similaiL-tQ-^ 


single*acting  brake  wheel  c:\linder,  is  connectefi 
to  the  master-^^ndc>i^by-fl^bl<^f^resj!|ure^ 
or  metal  tubing.  The  slave  cylinder  is  connectied 


to  the  clutch  release  yoke^  lever.  Movement  of 
the  clutc(h  pedar  actuates  the  clutch  master 
cylinder./  This  movement  is  transferred^  by 
hydraulic  pressure  to  the  slave  cylinder,  which  in 
turn  actuates  the  clutch  release  yoke  lever. 

CLUTCH  FACINGS 

Clutch  facings^  (fig.  10-3)  ate  the  linings 
attached  to  clutch-driven  members.  They  will 
wsar  if  the  clutch  slips.  When  the  driver  rides  the' 
clutch  to  rest  his  foot,  he  is  causing  the  clutch 
facings  to  slip  a.Jittle  and  thus  requiring  the 
ASM  to  adjust  clutch  linkages  for  clutchl'acing 
;  y^wear  and  to  replace  the  facings  when  they  are 
\*  worn  excessively.   '  ; 

When  badly  worn,  the  driven  member  ofca 
"  .  clutch  (a  steei  disc  and  linings)  is  usually 
J  replaced  as  a  unit  in  passenger  cars  and  small 
-  trucks.  Linings  in  some  clutches  are  removed 
.  from  the  disc  by  pin  puncliing  the  rivets  on  the 
'  riveted  side.  It  lis  often  easier  to  remove  these 
linings  by  stot  drilling  th^  rivets  with  a  drill  and 
~  JJien^ punching  -them-ooit^-Ihe-iiiew-lintxigslarc- 
.  fiJstened  ti/^the  disc  at  the  sartie  time;  that  is, 
i  you  mus/place  the  front  and  rear  linings  to  each 
side  of  flie  ^teel  clutch  disc  and  place  the  rivets 
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a  single  disc,  splined  to  the  clutch  shaft  and 
faced  on  both  sides  with  friction  material.  When 
the  clutchyis  fully  engaged,  the  driven  disc  is 
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Figure  10-3.-Clutch  facings  of  asbestos  fiber 
Interwoven  with  brass  wire. 


through  both  linings  and  disc  simultaneously; 
half  of  the  rivets  installed  through  the  front 
lining  and  the  other  half  through  the  rear  lining. 
Handle  the  unit  carefully  Avhile  replacing  the 
linings  to  prevent  distortion,  and  to  keep  it 
clean.  A  distorted  driven  member  will  prevent 
proper  clutch  adjustment,  and  oil  or  grease  on 
the  facing  will  cause  the  clutch  to  slip. 

TYP^S  OF  CLUTCHES    

Tlidre  are  various  types  of  clutches.  The  type 
most  used  in  light  automotive  aviation  support 
equipment  is  the  previously  mentioned  plate 
clutch.  Tlie  plate  clutch  is  a  simple  clutch  with 
two  plates;  and  one  disc  which  is  clamped 
between  the  two  plates.  Exploded  and 
cross-sectional  views  of  a  plate  clutch  are  shown 
in  figyre  10-2. 

Single  Disc  Clutch 

The  driving  members  of  the  single  disc 
clutch  consist  of  the  flywheel  and  the  driving 
(pressure)  plate.  The  driven  member  consists  of 


firmly  clamed  between  the  flywheel  and  the 
driving  plate  by  pressure  of  the  clutch  springs, 
forming  a  direct,  nonslipping  connection 
between  the  driving  and  driven  members  of  the 
clutch.  In  this  position,  the  driven  disc  rotates 
the  clutch  shaft  to  which  it  is  splined.  The 
clutch  shaft  connected  to  the-driving  wheels 
through  the  transmission,  propeller  shaft,  final 
drive,  differential,  and  axles. 

The    double    disc^  clutch   (fig.    10-4)  is 
substantially  the  same  as  the  single  disc  clutch  . 
except  that  another  driven  disc  and  intermediate 
driving  plate  is  added. 

CLUTCH  PEDAL 
ADJUSTMENT 

Clutch  pedal  adjustments  are  made  to  take 
up  wear  of  the  clutch  facings  and  wear  in  the 
linkage  between  the  clutch  pedal  and  the  clutch 
throwout  fever.  Most  clutches  have  adjusting 
devices  similar  to  those  illustrated  in  figure  10-5. 

The  screw  adjustment  in  the  tie-rod  between 
the  pedal  and  throwout  lever,  however,  must  be 
adjusted  periodically  to  compiensate  for  normal 
wear  of  clutch  disc  facing.  After  loosening  the 
locking  nut  and  unfastening  one  end  of  the 
tie-rod,  the  length  of  the  rod  can  be  increased  or 
decreased  by  turning  the  loose  end.  The  length 
of  the  rod  must  be  adjusted  to  allow  1/2-inch  to 
1  1/2-inch  free  movement  of  the  clutch  ped^, 
depending  upon  manufacturers'  specifications. 
(See  fig.  10-5.)  You  can  feel  the  poirTfwfiere  the 
free  movement  ends  and  the  clutch  begins  to 
release  by  the  increased  foot  pressure  required 
to  depress  the  pedal.  If  you  leave  the  clutch 
pedal  with  too  little  free  movement,  it  will  cause 
the  throw-out  bearing  to  ride 'on  the  pressure 
plate  fingers,  which  will  result  in  clutch  slippage 
and  damage  to  the  pressure  plate,  the  facings, 
and  throw-out  bearing.  Too  much  free  move- 
ment (free  ,travel)  may  keep  the  dutch  from 
completely  disengaging,  thereby  making  it 
impossible  to  shift  the  transmission  with  the 
engine  running.  After  you  make  the  adjustment, 
be  sure  to  tighten  the  locknut,  and  lock  the 
clevis  pin  position  with  a  new  cotter  pin. 
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You  will  find  other  linkage  arrangements 
and  devices  for  clutch-pedal  adjustment.  They 
are  not  difficult  to  understand,  and^with  a  little 
practice,  you  will  have  no  trouble  making  these 
adjustments,  always  check  with  manufacturers* 
specifications. 

CLUTCH  TROUBLESHOOTING   

The  information  given  in  this  section  is 
genera;  and  can  be  applied  to  nearly  every  type 
of  clutch  that  you^are  likely  to  encounter.  You 
will  probably  haVe  special  problems  for  which 
the  solution  can  be  found  only  by  referring  to 
the  ir  '  -"ufacturer's  manual. 

Sc\.  al  types  of  clutch  trouble  may  be 
encountered.  Usually  the  trouble  is  fairly 
obvicus.  When  the  malfunction  is  explained  on  a 
discrepancy  '•cport,  a  quick  personal  check  of 
the  vehicle  will  generally  enable  you  to  correctly 
diagnose  the  trouble.  It  is  your  responsibility  to 
see  that  the  job  is  properly  performed  with  a 


minimum  of  work.  Clutch  trouble  generally  falls 
into  one  of  six  categories: 


1. 
2. 
3. 
4. 
5. 


Slipping. 

Chattering  or  grabbling  when  engaging. 
Spinning  or  dragging  when  disengaging. 
Clutch  noises. 
Clutch  pedal  pulsations. 


6.  RapiH  disc  Tacirig  wear. 
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Slipping  Clutches 

A  clutch  that  slips  when  it  is  engaged  is 
extremely  hard  on  the  clutch  facings.^  The. 
facings  will  wear  and  burn  so  badly  that  ' tlie^ 
clutch  may  soon  become  completely 
inoperative.  Heat  from  a  slipping  clutch  can 
soon  become  great  enough  to  warp  the  pressure 
plate  and  to  cause  heat  checks  (small  surface 
cracks)  on  both  the  flywheel  and  pressure  plate. 

Clutch  slippage  is  particularly  -noticeable 
during  acceleration,"  especially  from  a  standing 
start  or  gear.  You  can  test  for  clutch 
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SCREW  ADJUSTMENT 


81.180^ 


Figure  10-5.— Clutch  linkage. 


^slippage  by  starting  the  vehicle  engine,  setting 
the  handbrake,  and  slowly  releasing  the  clut'^h 
pedal  while  accelerating  the  engine.  If  the  cl'jtc 
is  in  good  condition,  the  engine  luiJ  staa 
immediately  when  the  clutch  engageiiiont  is 
completed. 


There  are  several  conditions  that  can  cause 
clutch  slippage.  For  instance,  the  clutch  linkage 
may  not  be  properly  adjusted.  With  an  incorrect 
adjustment  that  reduces  ,  the  pedal  lash  too 
much,  the  thjrowout  (release)  bearing  will  press 
against  the  release  levers  even  with  a  fully 
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released  clutch  pedal.  This  prevents  full  pressure 
plate  engagement.  Therefore,  it  will  not  exert 
— sttfficient  prcssttfe— to— hold  the  friction  disc 
-  tightly  enough  against  the  flywheel.^As  a  result, 
there  is  slippage  betweerf  the  surfaces.  The  way 
to  correct  this  ft  to  adjust  the  clutch  linkage  to 
give  specified- clutch  pedal  lash  (free  travel). 

If  ths  clutch  release  linkage  binds,  it  may 
keep  the  .clULch  from  returning  to  the  fully 
engaged  position.  This  will,  of  course,  cause  the 
clutch  to  slip.  This  binding  can  generally  be 
eliiTiinated  by^  proper  lubrication  of  all  points  of 
friction  in  the  linkage.  It  may  be  necessary  to 
readjust  and  realign  the  clutch  operating  linkage. 
If  readjustment,  lubricating,  and  freeing  of  the 
clutch  linkage  does  not  correct  the  trouble,  it 
may  be  necessary  to  remove  the  clutch  for 
repair.' Any  of  the  following  conditions  within 
the  clutch  itself  could  cause  slippage: 

1.  Weak  or  broken  pressure  springs. 

2.  Worn  friction  disc  facings. 

3.  Grease  or  oil  on  the  disc  facings. 

Replacing  the  facings  or  the  completed  disc 
is  necessary  to  remedy  condition  2  or  3  listed 
above. 

Clutches  That  Chatter 
or  Grab  When  Eng3ging 

There  are  several  things  that  will  cause  a 
,  clutch  to  chatter  or  grab  when  it  is  being 
engaged.  Loose  spring  shackles  or  U-bolts,  loose 
transmission  mo'unting,  and  worn  engine  mounts 
-are -among  the  items  that  must  be  checked.  If 
the_clutch  linkage  binds^  it  may  release  suddenly 
to  throw  the  clutch  into  quick  engagemejit,  with 
a  resulting  heavy  jerk.  If  all  these  items  ^are 
checked  and  found  to  be  in  good  condition, 
then  the  trouble  is  inside  the  clutch  itself  and 
the  clutch  will  have  to  be  removed  from  the 
vehicle  for  repairs. 

In  the  clutch,  the  trouble  could  be  due  to  oil 
or  grease  on  the  disc  facings  or  to  glazed  or  loose 
facings.  Binding  of  the  ftiction  disc  hub  on  the 
clutch  shaft  could  prevent  smooth  engagement; 
this  condition  will  require  cleaning  of  the  splines 
in  the  disc  hub  and  on  the  clut'Ch  jhaft.  Broken 
parts  in  the  clutch,  such  as  broken  disc  facings, 
broken, cushion  springs  in  the  disc,  or  a  broken 


pressure  plate\ould  cause  poor  clutch  action  o* 
grabbing. 


Qutches  That  Spin  or 
Drag  When  Disengaged 

The  clutch  friction  disc  may  spin  briefly 
after  the  clutch  is  diserigaged.  In  other  words, it 
takes  a  moment  for  the -friction  disc  to  come  to 
rest.  This  normal  spinning  should*  not  be 
confused  with  a  dragging  clutch.  When  the 
clutch  drags,  the  friction  disc  continues  to  rotate' 
with  ai;id  to  rub  against  the  flywheel  or  pressure 
plate.  If 

When  this  condition  exists  the  first  thing  to 
check  IS  the  pedal-linkage  adjustment.  If  there  is 
excessive  free  travel  of  the  clutch  pedal,  even 
full  movement  of  the  pedal  will  fail  to  force  the 
release  bearing  in  far  enough  against  the  release 
levers  to  release  the  clutch  fully.  If  adjustment 
of  the  linkage  does  not  correct  the  trouble,  the 
.  trouble  is  in ''the  clutch  and  the  clutch  must  be 
removed,  disassembled,  iand'repaired.  ^ 

When  the  trouble  is  in  the  clutch  assembly, 
you  will  generally  find  a  warped  disc  or  pressure 
plate,  or  the  facing  on  the  disc  may  be  loose.  On 
the  type  of  pressure  plate  assembly  with 
adjustable  release  levers,  improper  adjustment  of 
the  levers  could  prevent  full  disengagement  so 
that  the  clutch  would  drag.  A  friction  disc  hub 
that  is-^binding  on  the  clutch  shaft  can  also  cause 
the  clutch  to  drag. 


Ql  tch  Noises 


ol^t 


•When  an  operator  repotb^that  a  clutch  is 
making  noise,  find  out  whether  the  noise  is 
heard  when  the  clutch  is  engaged  or  when  it  is 
disengaged.  Clutch  noises  are  usually  most 
noticeable  when  the  engine  is  idling  and  the 
clutch  disengaged. 

A  disc  hub_that  isjoos^^^ 
will  make  a  noise  when  the  clutch  is  engaged. 
This  would  require  replacement  of  the  disc  ojr. 
clutch  shaft  or  perhaps  both  if  both  are  worn 
excessively.  Friction  disc  dampener  springs  that 
are  weak  or  worn  will  also  cause  clutch  noises.  If 
the  engine  and  transmission  are  not  properly 
aligned,  the.  disc  hub  will  move  back  and  forth 
on  the  clutch  shaft.  This  will  cause  the  splines  of 
the  disc  hub  and  clutch  sJiaft  to  wear;  thys,  a 
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noisy   clutch   will   soon   appear.   Any  time 
cxcessive-weai4s-feund-on-the^splines^"the-disc~ 
hub  and/or  ^e  clutch  shaft,  always  jcheck  the 
transmission  and  engine  alignment.  * 

•  If  clutch  noises  are  noticeable  when  the- 
clutch  is  disengaged,  the  trouble  will  likely  be  in 
the  clutch  release  bearing.  The  bearing  is 
probably  worn,  binding,  or  has  lost  its  lubricant. 
Most  clutch  Sielease  bearings  are  factory 
lubricated.  As  a  rule,  when^the  release  bearing 
starts  making  a  noise,  it  must  be  replaced.  If  the 
release  levers  on  the  pressure  plate  assembly  are, 
not  properly  adjusted  they  could  rub  against  the 
disc  hub  when  the  clutch  is  disengaged.  If  the 
pilot  bearing  in  the  crankshaft  is  worn  or  lacks 
lubricant,  it  will  sometimes  produce  a  high- 
pitched  whine  when  the  transmission  is  in  gear, 
the  clutch  is  disengaged,  and  the  vehicle  is 
standing  still.  Under  these  conditions,  the  clutch 
shaft,  v/hic^  is  piloted  in  the  bearing  in  the 
crankshaft,  is  stationary,  but  the  crankshaft  and 
bearing  iire  turning. 


Qutch  Pedal 
Pulsation 

.A  series  of  slight  movements  that  can  be  felt 
on  the  clutch  pedal  or  operating  lever  v/hen  the 
clutch  is  being  disengaged  is  called  clu'*^ch  pedal 
pulsation.  These  pulsations  are  noticeable  when 
a  slight  pressure  is  applies*  to  the  clutch  pedal. 
This  is  an  indication  of'  -  le  that  could  result 
in  serious  damage  if  m  ./n=5cted  immediately. 
There  are  several  cond  '  that  could  exist  that 
would  cau?re  these  pulsa*io..s.  Gne  possible  cause 
is  misalignment  of  the  engine  and  transitiission. 

If  the  engine  and  transmission  are  not  in 
line,  detach  the  transmission  and  remove  the 
clutch  assembly.  Check  the  clutch  housing 
alignment  with  the  engine  and  crankshaft.  At 
the  same  time,  the  flywheel  can  be  checked  for 
wobble  since  a  bent  crankshaft  tlange,  or  a 
flywheel  that  is  not  seated  bn  the  crankshaft 
flange,  will  produce  clutch  pedal  pulsations.  If 
the  flywheel  does  not  seat  on  the  crankshaft 
: flange,  remove  the  flywheel;  after  cleaning  the 
flange  and  the  flywheel,  replace  the  flywheel 
making  sure  a  positive  seat  is  obtained  between 


the  flywheel  and  crankshaft  flange.vlf  the  flange 
is~bi5nt  at  thercranksRaffTthe  cranKshalt  musTbe 
replaced.  '  ' 

Other  causes  of,  clutch  pedal  pulsations 
include  uneven  relegse-lever  adjustHients,  warped 
pressure  plate  or  warned  clutch  disc.  If  the 
pressure  plate  or  clutch  disc  is  warped,  it  should 
be  replaced. 

Rapid  Clutch  Disc 

Wear  f  .      '  ^ 

Rapid  clutch  disc  wear  will  be  caused  by  any 
condition  that  permits  slippage  between  the 
clutch  disc  facings  and  the  flywheel  or  pressure' 
plate.  An  operator  may  have  the  ^  habit  of 
"riding*'  the  clutch;  this  practice  can  cause 
slippage.  Frequent  use  of  the  clutch  or  slow 
releasing  of  the  clvitch  after  disengaging  will 
increase  cluich  facing  wear.  The  remedy  here,  is 
for  the  operator  to  use  the  clutch  properly  and 
only  when  necei^^^aiy.  Brpken  or  weak  pressure 
springs  within  the  plate  a^i^embly  will  cause 
slippage.  The  springs  must  be  leplace'J  to  correct 
this  problem.  Improper  clutch  linkage 
adjustment  or  binding  of  the  Imkage  may 
prevent  full  spring  pressure  from  being  applied 
to  the  clutch  disc.  Any  condition  that  keeps  less 
than  full  spring  pres^re  from  being  appUed  to 
the  clutch  disc  is  apt  to  cause  slipping. 

CLUTCH  LUBRICATION 

Some  clutches  require  lubrication,  and 
others  do  not.  Check  with  the  manufacturer's 
instruction  manual  for  instructions  on  the 
lubrication  of  the  clutch  throwout  bearing.  The 
clutch  pedal  control  shaft  antf  linkages,  however, 
are  usually  equipped  with  high  pressure  fitting^ 
which  should  be  greased  with  chassis  lubricant  at 
periodic  intervals.  _  ,  -  -  — 

TRANSMISSIONS 

A  speed  and  power  changing  device  is 
needed  between  the  engine  of  an  automobile 
and  the  driving  wheels  in  order  to  meet  the 
speed  and  power  requirements  of  the  vehicle.  To 
keep  the  engine  as  small  as  possible  and  still 
permit  it  to  set  the  vehicle  irr  motion,  which 
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requires  more  power  than  keeping  it  in  motion,. 
^t-4ransTnission~is--usedT-^e?sides-Tn^ 
power  needed  to  st^art  the  vehicle  moving,  the 
transmission,  permits  intermediate  appHcations 
of  power  up  to  the  top  speed  of  the  vehicl?. 
Gears  ^  and  a  shifting  mechanism  in  the 
transmissior  ajce  used  to  obtain  the  desu^ed 
power  application. 


STANDARD  TRANSMISSION 

ThQ  transmission  (fig;  10-6)  is  part  of  the 
power  train.'  It  is  located  on  the  rear  of  the 
engine  .between  the  clutch  housing  and  the 
propeller  shaft,  as  shown  in  figure  10-1.  The 
d'ansmission  transfers  engine  power  from  the 
clutch  shaft  to  the  propeller  shaft  and  allows  the 
^iver  or  operator  to  control  the  power  and 
""speed  of  the  vehicle.  The  transmission  shown  in 
figures  10-6  and  10-7  is  a  sliding  gear 
transmission.  Many  late  model  vehicles  have 
either  constant  mesh'  or  synchromesh 
.  %  *     •  . 


transmissions  (explained  latex).  However,  the 
Txrinciples  of  upeialiun  aie  ilie  same:  ~ 

Chapter  6  of  the  Rate  Training  Manual, 
Basic  Machines,  NavPers  10624-A,  discusses 
gears  and  their  mechanical  advantages,  and 
explains  how  to  compute  the  speed  and 
reduction  ratio  of  gears  in  a  typical  automotive 
transmission.  Jf  you  need  review  on  this  point, 
study  chapter  6  of  Basic  Machines,  This  manual 
will  help  you  to  understand  the  transmission  and  . 
-power  transfer  mechanisms  described  in  this 
chapter. 

FOUR-SPEEir 

TRANSMISSION  i 

The  gear  shift  lever  positions  shown  in  the 
small  inset  in  figure*  10-7  are  typical  of  most 
four-speed  transmissions.  The  gear  shift  lever, 
'  shown  at  A,  B,  C,  D,  and  E  in  the  illustration, 
-  moves  the  position  of  the  two  shifting  forks 
which  slide  on  Separate  shafts  secured  in  the 
transmission  case  cover.  Follow  the  separate 
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SPEED  SLIDING  GEAR 


MAIN  DRIVE  GEAR* 


MAINSHAFT  LOW,  SECOND 
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CLUTCH  SHAFT. 

COUNTERSHAFT 
DRIVE  GEAR 
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Figure  10-6.— Four-speed  transmission. 
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2      4  R 


IDLER  GEAR 


NO.  4 

COUNTERSHAFT 
GEAR 


4  TH  OR  HIGH 
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Figure  10-7.— Power  flo^ through  a  four-speed  transmission. 


diagrams  to  learn  what  takes  place  in  shifting 
from  one  speed  to  another.  For  example,  as  you 
move  the  top  of  the  gear-shift  tever-toward  the 
forward  left  position,  the  lower  arm  of  the  lever 
moves  in  the  opposite  direction  to  shift  the 
gears.  The  fulcrum  of  this  lever  is  in  the 
transmission  cover. 

In  shifting  transmission  gears  it  is  necessary 
to  use  the  clutch  pedal  to  disengage  the  clutch. 
Improper  use  of  the  clutch  will  cause  the  gears 
to  clash,  and  may  dania^e'them  by  breaking  the 
gear  teeth.  A  broken  tooth  or  piece  of  metal  can 
wedge  itself  between  tWo  moving  gears  and  ruin 
the  entire  transmission  assembly. 
;  When  you  shift  fpom  NEUTRAL  to  FIRST 
"or  LOW  speed  (A  of  fig.  10-7),  the  smallest 
countershaft  gear  engages  with  the  largest  sliding 
gear.  LOW  gear  moves  the  veliicle  at  its  lowest 


speed  and  maximum  power.  The  arrow  indicates 
the  flow  of  power  from  the  clutch  shaft  to  the 
propeller  shaft.      -  '  " 

The  SECOND  speed  position  is  obtained  by 
moving  the  gear  shift  lever  straight  back  from 
the  LOW  speed  position.  You  will,  of  course,  use 
the  clutch  when  shifting.  In  B  of  figure  10-7, 
yon  will  see  that  the  next  to  the  smallest 
countershaft  gear  is  in  mesh  with  the  second 
largest  sliding  gear.  The  largest  sliding  gear  (shift 
gear)  has  been  disengaged.  The  flow  of  ijower 
has  been  changed  as  shown  by  the  arrow*  The 
power  transmitted  to  the  wheels  in  SECOND 
gear  (speed)  is  less,  but  the  vehicle  will  move  at  a 
greater  speed  than  it  will  in  LOW  gear  if  the 
engine  speed  is  kept  the  same. 

In  shifting  from  the  SECOND  speed  to  the 
THIRD  speed  position,  yoii  move  the  gear  shift 
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lever  thi'ougn  tne  neutral  positionTTHs  is  done 
in  afl  selective  gear  transmissions.  From  the 
NEUTRAL  position  the  driver  can  select  the 
speed  position  required  to  get  the  power  he 
needs.  In  C  of  figure  1 0-7  you  will  notice  that 
tl^^gear  shift  lever  is  in  contact  with  the  other 
shifting  fork,  and  that  the  forward  slide  gear  has 
been  meshed  with  the  second  countershaft  gear. 
The  power  flow  through  the  transmission  has 
again  been  changed,  as  indicated  by  the  arrow, 
&nd  the  vehicle  will  move  at  an*  intermediate 
speed  between  SECOND  and  HIGH. 

c 

You  shift  into  TOURTH  or  HIGH  speed 
position  by  moving  the  top  of  the  shift  lever  * 
back  and  to  the  right  from  the  NEUTRAL 
position;  In  the  HIGH  speed  position,  the 
forward  shift  or  sliding  gear  is  engaged  with'the  , 
constant  speed  gear  as  shown  in  D  of  figuie 
10-7.  The  clutch  shaft  and  the  transmission  shaft 
are  now  locked  together  and  the  power  flow  is 
in  a  straight  line.  In  HIGH,  the  vehicle  propeller 
shaft  revolves  at  the  same  speed  as  the  engine 
crankshaft,  or  at  a  1  to  1  ratio. 

•n 

You  shift  to  REVERSE  by  movhig  the  top 
of  the  gear  shift  lever  to^the  FAR  right  and  then 
tot  the  rear.  Most,  vehicles  have  a  trigger 
arrangement  at  the  gear  shift  ball  to  unlock  the 
lever  so  that  it  can  be  moved  from  neutral  to  the 
far  right.  The  lock  prevents  unintentional  shifts 
into  reverse.  Never  attempt  to  shift  into  reverse 
until  the  forward  motion  of  the  vehicle  has  been 
completely  stopped. 

Here  is  where  your  study  of  Basic  Machines 
will  come  in  handy.  Basic  Machines  informs  us 
that  an  idler  gear  is  used  to  reverse  direction  in  a 
gear  train.  In  F  of  figure  1 0-7 ,  you  can  see  how 
the  idler  gear  fits  into  the  transmission  g^ear 
train.  Jn  E  of_figure„L0-75_:you  caji'^ee  ^yh^^^^^ 
happens  when  you  shift  into  reverse.  An 
additional  shifting  fork  is  contacted  by  the  shift 
lever  in  the  far  right  position.  When,  the  shift  to 
reverse  is  completed,  this  fork  moves  the  idling 
gear  into  mes^  with  the  small  countershaft  gear 
and  the  large  sliding  gear  at  the  same  time.  The 
small  arrows  in  the  inset  show  how  the  engine  ^ 
power  .flows  through  the  transmission  to  move 
the  propeller  shaft  and  the  wheels  in  a  reverse 
direction. 


The  different  combination  of  gears  in  the  , 
transmission  case  makes  it  possible  to  change  the 
vehicle  speed  while  the  engine  speed  remains  the 
same.  It  is  all  a  matter  of  gear  ratios.  That  is, ' 
having  large  gears  drive  small  gears,  and  small 
gears  drive  large  gears.  If  a  gear  with  \  00  teeth 
drives  a  gear  with  25  teefth,  the  small  gear  will 
travel  four  times  as  fast' as  the  large  one.  You 
have  stepped  up  the  speed.  Now,  let  the  small 
gear  drive  the  large  gear,  and  the  large,  gear  will 
make  one  revolution  for  every  four  pf^the  small 
gear.  You  have  reduced  speed,  and  the  ratio  of 
gear  reduction  is  4  to  l. 

In  the  transmission  just  described,  the  gear 
reductior  in  LOW  gearyjis  7  to  1  from  the  engine  . 
to  the  propeller  shaft.  In  HIGH  gear  thf^-ratio  is 
1  to  1,  and  the  propeller  §haft  turns  at  the  same 
speed  as  the  engine.  This  holds  true  for  most  all 
transmissions.  The,  SECOND  ^d  THIRD  speed 
positions  provide  intermediate  gear  reductions 
between  "  LOW  and  HIGH.  The  gear  ratio  in 
SECOND  speed  is  3.48  to.  1,  and  in  THIRD  is 
1.71  to  1.  The  gear  reduction  or  gear  ratio  in 
reverse  is  about  the  same  as  it  is  in  LOW  gear,, 
and  the  propeller  shaft  makes  one  revolution  for 
every  seven  revolutions  of  the  engine,  but  in  the 
opposite  direction  of  rotation. 

All  transmissions  do  not  have  four  speeds 
forward,  and  the  gear  reductions  at  the  various 
speeds  are  not  necessarily  the  same.  Passenger 
cars,  for  example,  usually  have  'only  tliree 
I  forward  speeds  and  one  reverse  speed.  Their  gear 
ratios  are  about  3  to  l_in_bOth  low-andTeverse 
gear  cbrhbinations.  You  must  remember  that  the 
gear  reduction  in  the  transmission  is  only 
between  the  engine  and  the  propeller  shaft. 
Another  reduction  gear  ratio  is  provided  in  the 
rear  axle  assembly.  If  you  have  a  common  rear 
axle  ratio  of  about  4  to  1 ,  the  gear  reduction 
the^ngine  pf  a  passenger  car  to  the  rear 
ieels  in  low  gear  would  be  approximately  12 
to  1.  In  high  gear  the  ratio  would  be  4  to  1,  as 
there  would  be  no  reduction  of  speed  in  the 
transmission.  ^ 


CONSTANT  MESH 
TRANSMISSION 

To  eliminate  the  usual  transmission  noise 
developed  in  the  old  type  spur-tooth  gears  used 
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in  the.  sliding  gear  transmission,  the  automotive 
manuiacturers  developed  the  constant  mesh 
transmission  which  contains  helical  gears/  * 
—,^-in'  this  type  of  transmission  certain 
^untershaft  gears  are  constantlj^  in  mesh  with 
/the  main  jdiaft  gears.  The  main  shaft  meshing 
gears  are  arranged  so  that  they  cannot  move 
endwise.  They  are  supported  by  roUer  bearings 
so  that -they  can  r6tate  independently  of  the 
main  sliaft  (figs.  1 0-8  and  J  0-9). 


In  operation,  wljen'the  shift  lever  is  moved  to  ^ 
THIRD,  the  THIRD  and  FOURTH  shifter  fork- 
moves  the  clutch  gear  .(A,  fig.  10:9>4x>^ard  the 
THIRD  speed  gear  (D,  fig.  10-9).  TOs  engages 
the  external  teeth  of  the  clutch  gear  with  the 
internal  teeth  of  the  THIRD  speed  gear.  Since 
the  THIRD  speed  gear  is  rotating'  with  the 
rotating  countershaft  gear,  the  clutch  gear,  must 
ako  rotate;  The  clutch  gear  is  splined  to-the 
main  shaft,  and  therefore,*the  main  shaft  rotates 


ClUTCM  HOliSfNG 


MAIN  SMAFT  FHONT  BtA«fN&  ' 

COUNTCRSMAFT  H>ONT  BtARING 


TRANSMlSStON  CASE 


COUNTERSHAFT         MAIN  SHAFT 


Figure  10-8.-Con$tant-mesh  transmission  assembly;  sectional  view. 
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A.  THIRD-AND- FOURTH  SPEED  CLUTCH « EAR  ' 

B.  THIRD  SPEED^lGEAR  RETAINING^ SNAP  RING 

C.  THIRD  SPEED  GEAR  RETAINING  WASHER 

D.  THIPJ)  SPEED  GEAI? 

E.  *  THIRD  SPEED  GEAR  BEARING  ROLLERS 


F.  THIRD  SPEED  GEAR  BEARING  LOCK^XN 

G.  THIRD  SPEED  GEAR  BEARING 

H.  THIRD  SPEED  GEAR  SPACER 
J.  MAIN  SHAFT 

K.  FIRST-AND-SECOND  SPEED  GEAR 


Figure  lO-S.—Disassembled  main  shaft  assembly. 
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with  the  clutch  gear.  This  principle  is  carried  oiit 
when  the  shift  lever  moves  from  one  speed  to  - 
the  next. 

Constant  mesh  gears  are  seldom  used  for  all 
speeds.  Common  practice    to  us&. si /ch.  gears  for 
the  higher  gears,  oWith  sliding  geari.  for  FIRST  . 
and  REVERSE  speeds,  or  .for  REVERSE  only.  \ 

SYNCHROMESH 
TRANSMISSION 

The  syndiromesh  transmission  is  a  type  of 
constant  mesh  transmission  that  permits  geafs  to 
be  selected  without  clashing,  by  synchroiazing 
the  speeds  of^mating  parts  before  they  engage.  It 
employs  a  coni^'r.ation  metal-to-metal  friction 
cone  clutch  and  a  dog  or  gear  positive  clutch  to 
engage  Jhe  main  drive  ^'.ear  and  second-speed 
main  shaft  gear  with  the  transmission  niain 

^shaft^  Ther  friction  cone  clutch  engages  first, 
bringing  theTri\Tng"^Tid~driven-members^tq  the 

'safrre~speed7after  which  the'dog  clutch  engage! 
easily  without  clasliing.  This  process  is 
accomplished  in  one  continuous  operation  when  . 
the  driver  declutches  and  movesi  jRe  control 
lever  in  the  usual  manner.  The  construction  of 
synchromesh  transmissions  varies  somewhat 
with  different  manufacturers,  but  the  principle 
is  the  same  in  all. 


The^  construction  of  a  frequently  used 
synchrolfnesh  clutch  is  shown  in  figure  10-10. 
The  driving  member  consists  of  a  sliding  gear 
spiined  to  the  transmission  main  'shaft  with 
bronze  internal  cones  on  each  side.  It  is 
surrounded  by  a  sliding  sleeve  having  internal 

'tieieth  that  are  meshed  with  the  external  teetli  of 
the  sliding,:  gear."  The  sliding  sleeve  is  groove^d 
around  the  outside  to  receive  thp  shift  fork.  Six. 
spring-loaded  balls  in  radially  drilled  holes  in  the 
gear  fit  into  an  internal  groove  in  the  sliding 
sleeve  and  prevent  it  from  moving''  endwise 
relative  to  the  gear  until  the  latter  has  reached 
the  tjid  of  its  travel.  The  driven  members  are  the 
main  tfrive  gear  and  second-speed  main  shaft 
geaf,  each  of  which  has  external  cones  and 
external  teeth  machined  on  its  sides  to  engage 
the  internal  cones  of  the  sliding  .gear  arid  the 
internal  teeth  ot  the  sliding  sleeve.. 

The  synchromesh  clutch  operates  as  follows: 
when  the  transmission  controflever^is  moved^ 
the  driver  to  the  third-speed  or  direct-drive 

;i3osition,  the_  shift  fork  moves  the  sliding  gear 
and  sliding  sleeveTorwaYd  as  a -unit  until:the 
internal  cone  on  the  sliding  ge^  engages  the 
external  cone  on  the  main  drive  gear.  This  action 
brings  the  two  gears  to  the  same  speed  and  stops 
endwise  travel  of  the  sliding  gear.  The  sliding 
sleeve  then  slides  over  the  balls  arid  silently 
engages  the  external  teetli  on  the  main  drive 
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EXTERNAL  AND  ^ 
INTERNAL  CONES.    '  .SHIFT 
SEPARATED^  FORK7 


MAIN  DRWE 
GEAR->^ 


EXTERNAL 
-CONE 


5UDtt\G  SLEEVE     •  / 


BRONZE  INTERNAL 
•  CONES 


SLIDING 
GEAR 


MAIN  SljAFT 


\  y\ — SPRING-LOADED  . 

BALL  IN  GRpOVE  - 
IN  SLIDING  StEEVE.i. 


EXT:Rr:AL 
UETH 


INTERNAL^ 
TEETH. 

DISENGAGED 


SHIFT  FORK  MOVES 
SLIDING  SLEEVE  IN 
THIS  DIRECTION  FOR^ 
.  ENGAGEMENT 


INTERNAL  AND  . 
EXTERNAL  CONES 
\  ENGAGCD 


INTERNAl  AND 
EXTERNAV-TEfTH 
ENOAQED  ^ 


SHIFT 
FORK 


MAm  DRIVE 
•  GEAR 


EXTERNAL 
CONE 


SLIDING 
SlEEVi 


BRONZE  INT^.RNAl 
CONES 

seRrl^G-LOADjEa- 

BAIL  our  OF 
/iSC^OVE 


MAIN  SHAFT 

A 

-.SLIDING  GEAR 
INTERNAL  TEETH 


Figure  10-10.— SynchromRSh  dutch— disengaged  jand  engaged. 
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gear,    lockjn^  the    roain    drive    gear  and" 
^trartsmfssiorr  'main  shaft  together  as  sholvn  in 
figure   1 0-1 OV  When  ^  the  transmissio4f;;''Co;itiol 
lever  is  sliifted  ta  the  §econd-speQd  position,  the^ 
sliding  gear  and  sleeve  mo.ve  rcarward*and  the 
'  .same  action  takes  place,  locking  the  transmissrDn 
4  main  shaft  to  the  second-speed  main  shaft  gear. 
It^^  past   years  it  has  been  the  practice  of 
.  manufacturers   not  t^'  use   the  synchrdmesh* 
clutch  on  the  first  or  reverse  speeds,  althoughjt; 
is  becomi^  common  practice  on 'many  late 
model  vehicles,  to  use-synchromesh  clutches  pn 
.  first  spe^d.  Ort  trcinsmissions'of  the  type  that  do 
not  use  synclironiesl;  ^clutches*  on  fjrst  ?.nd 
re^>erse  speeds, -the  first  speed  is  engaged  by  yn 
ordinary  dog  clutch  when  constant  riesh  is 
emi^loyed,  or  by  a  sliding  gear^-reverse  Ls  i^Jways 
engaged  by  means  of  sliding  gear.  Figure  10-11 
shows  a  synchromesh.  traii'smission'  in 'cross 
section  >yhich  uses  constant  mesh'  helical  •g'ears 
for  the  three  forward  speeds  and  a  siidjng  spur 
«  gear  tor' reverse.  •  ,  .    .  -  * 


Some  transmissions  jire  controlled  by  a 
•  steering  column  control  lever  (fig.  10-12).  The 
positions  for  the  various  speeds  are  the  same  as 
.hose  for  the  Vertical  control  lever  except  that 
ine  lever  is  horizontal.  The  shifter  forks-  are 
pivoted  on  bellcranks  which  are  turned  by  A 
steering'  column  control  lever  through  the 
linkage  shown.' The  poppets  shown^  iivTigure 
10-11  engage  notches  at  the  inner  end'of'each 
bcllcrank.  Ot^ier  •  types  of  synchromesh  , 
traiismissiohs  controlled  by  steering''  column 
.  levers  have  shifter  shafts  and  forks  moved  by  a 
linkage  similar  Jo  those used  with  a  vertical 
cont^-ol  lever.  •  ,  ' 


TR/«N5MISSI0N 
TROUBLESHOOTING 


As  a  first  step  in,  traosmissipn  service, 
diagnosis  of  the  trouble  should  be  made  -to 
pinpoint  the  itialfCinction  in  fhe  unit.  It  is  not 
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BELL  CRANKSv 
POPPETS 


SHIFTER 
FORKS 


THIRD  SPEED  SYfiCHRO-MESH 
^1 


CLUTCH 

,  f 


FIRST  AND 
REVERSE 
SLIDING  GEAR 


FIRST  SPEED 
SECOND  SPEED  DDGXtpTCH 
SYNCHRO-MESH  CLUTCH 


Fi^Qre  10-11.— Synchromesh  transmission  anranged  foi;  steering  column  control. 
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COLUMN 
LOWEK 
LEVKS 


LEVCHS  TO  SMIFTFS) 
MIL  CR^NK  SKAFTS( 
ON  SIDE  Of(' 

transmission) 


GEARSHIFT  LINKAGE 
CRANKS 


-     .  81.187 
Figure  10-1  ^—Steering  column 'control  lever, 


always  possible  to  determine  the  exact  location 
Of  the  trouble^and  the  unit  must  be  removed 
from  the  vehicle  so  that  it  can  be  torn  do>vn  and 
examiaed.  In  most  cases' your  supervisor  will 
mate  the*,  final  diagnosis  if  there  is  any  doubt  as 
to  the  nature  of  Ihe  trouble.  Many  tftnfes  an 
operator  will  report  transmission  noise,  when,  in 
fact,  the  noise  may  be  coming  from  some  other 
component  of  the  vehicle's  power  train. 

Noises  that  appear  .to  come  from  the 
transmission«but  actually  origjiiate  at  some  other 
point  are  many  and  varied.  For  example, 
,  unbalanced  propeller  shaft,  defective  wheef 
bearings,  or  damaged  tires^ori  a  vehicle  may 
cause  noiSes  'which  are  transmitted  to  the 
transmission.  These  noises  have  no  particular,  or 
characteristic  sounds  that  would  indicate  their 
origin;  they  are  therefore  difficult  to  identify. 

Torsional  vibration  is  one  of  the  most 
frequent  causes  of  noises  that  appear  to  Jbe  in 
the  transmission,  b]ut  actually  originate  outside 
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of  it.  Included  among 
torsional  vibrations  are: 


these  possible  outside 


1.  Propeller  shaft  (drive  shaft)  out.  of 
balance. 

2.  Worn  universal  joints. 

3.  Drive  shaft  center  bearings  loose. 

4.  Worn  and  pitted  teeth  on  axle  pinion 
and  ring  gear. 

5.  Wheels  cvt  of  balance. 

6.  Wor  \  spring  pivot  bearings... 

7.  L(K)se  frame  or  axle  U-bolts. 

8.  Engine  cooling  fan  out  of  balance. 

9.  EngiaO\^  crankshaft,  flywheel,  and/or 
clutch  plate  out  of  balance. 

10.  Tires  or  wheels  wobbly  or  mismatched. 

This  list,  along  with,.other  troubles  that  you 
have  encountered  in  your  own  experience,  can 
be  used  as  a  step-by-step  guide' in  transmission 
noise  troubleshooting.  Make  sure  that  alj. 
possibility  of  outside  noise  has  been  eliminated 
before  you  remove  the  transmission. 

When  analyzing  a  vehicle  for  transmission 
noise,  raise  the  vehicle  so  that  the  driving  wheels 
are  clear  of  the  deck.  Start  and  operate  Jthe 
vehicle  in  all  the  speed  ranges,  uicluding 
COASTING  with  the  shift  lever  in  neutral. 

\istcn  carefully  for  noises  and  try  to  determine 
the  origin.  There  are  other  procedures  for 
checking  transmission  noises  that  may  be  used. 
Any  procedure  that  is  used  relies  principally  on 
the  experience  and  good  judgment    of  the 

->  mechanic  doing  the  troubleshooting. 

When  it  is  determined  that  the  noise  is 
within  the  transmission,  generally  it  is  necessary 
to  remove  the  transmission  frpm  the  vehicle  and 
disassemble  it. 

TRANSMISSION  OVERHAUL 

Because  of  the  variations  in  construction  of 
transmissions,  different  procedures  in  the 
removal,  disassembly,  repair,  assembly,  and 
installation  must  be  followed.  These  operations 
generally  require  from  5  to  7  hours,  depending 
on  the  procedure  followed.  If  you  are  working 
on  a  vehicle  with  wliich  you  are  not  familiar, 
always  check  the  manufacturer's  manual. 

Drain  the  lubricant  from  the  transmission. 
Some  manufacturers  recommend  flushing  the 


transmission  before  removal.  This  is  done  by  ' 
filling  the  transmission  with  a  flushing  oil  and  i 
operating  the  engine  with  the  transmission  in- 
neutral  for  several  minutes.  After  this,  drain  the 
flushing  oil  from  the  transmission. 

After  removing  the  transmi^on  assembly 
from  the  vehicle,  note,  or  mark  by  scratching 
the  case  with  a  sharp  pointed  tool,  any  moist  oil 
spots  or  unusually  heavy  accumulation  of 
oil-soak'ed  road, mud;  these  are  good  clues  to  the 
location  of  small  cracks  or  holes.  Do  not  confuse 
these  accumulations  with  those  \that  result  from 
leaking  gaskets  or  oil  seals.  Oifn^ampness  at  a 
gasket  or  a  seal  is  more  or  less  tiormal  on  a 
transmission  that  has  been  in  service  for  any 
length  of  time.  After  marking  any  spots 
indicating  abnormal  oil  leakage,  thoroughly 
clean  the  transmission  case  and  make  a  close  . 
visual  inspection  to  determine  if  any  cracks  or 

holes  exist.     

.   ^After-the-transnrission  islJisas^se^  clean 

all  the  parts  thoroughly  and  individually. 

Clean  away  all  the  parts  "of  hardened  oil, 
lacquer  deposits,  and  dirt,  paying  particular 
attention  to  tha  small  oilholes  in  the  gears  and 
to  the  lock  ball  bores  in  the  shifter  shaft 
housing.  Remove  all  gaskets  or  parts  of  gaskets, 
using  a  putty  knife  or  other  suitable  tool.  Make 
sure  tha:t  the  metal  gasket  surfaces  are  not 
gouged  or  scratched.  ^ 

After  all  parts. of  the  transmission  have  been 
thoroughly  cleaned,  inspect  them  to  determine 
whether  they  can  be  reused  or  have  to  be 
scrapped.  The  wear  or  damage  to  some  of  the 
parts  will  be  evident  to  the  eye,  whereas,  in 
others,  it  may  be  necessary-^to  use  tools  or  gages 
to  determine  their  condition.  Since  the  decision 
as  to  whether  a  part  should  be  scrapped  or 
reused  is  often  a  matter  of  opinion  or  judgment, 
your  supervisor  may  want  to  do  this  job  himself. 

When  inspecting  the  transmission  parts,  bear 
in  mind  that  the  inspection  procedure  has  two 
objectives:  first,  to  eliminate  any  part  or  parts 
that  are  unsuitable  for  use,  or  doubtful  parts 
that  may  cause  the  premature  failure  of  the 
overhauled  transmission;  second,  and  equally 
^important,  to  reduce  the  wasteful  practice  of 
scrapping  parts  that  still  retain  a  high  percentage 
of  useful  life. 

If  a  transmission  part  is  to  be  repaired,  make 
sure  only  good  repairs  are  made.  Makeshift  or 
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temr»f)^ary  repairs  should  not  be  permitted, 
exa  in^an  emergency.  The  principal  purpose 
of  repairs  is  \o  salvage  parts  that  would 
otherwise  be  scrapped.  The  decision  as  to 
whether  a  part  is  to  be  repaired  rests  upon  the 
following  three  factors: 

1 .  The  practicality^  of  the  repair.  (That  is, 
will  the  repair  of  the  pairt^^retum  it  t(^  a  near  new 
condition?)  \ 

2.  The  cost  of  the ^pair  job  as  compared  , 
to  the  cost  of  a  replacement, 

3.  The  availability  of  the  replacement  part, 
(If  re  olacement  parts  are  unavailable  or  in  short 
supply,  every  effort  should  be  made  to  salvage  as 
many  parts ^.sjKSssibleJ 

Small  .holes  or  cracks  in  the  transmission 
-  case,-shlf(er  shaft  housiBg  or  clut<:h  housing^ay- 
be  rep^red  by  welding  or  brazing,  provided  they 
do  .not  extend  into  the  bearing  bores  or 
mo^unting  surfaces/  These  pieces  are  gray  (cast) 
irdn,  and  a  special  technique  is  required  to  weld 
tKis  material  satisfactorily;  ordinary  weldirg 
/'methods  and  materials  are  not  suitable. 

.  To  assemble  a  transmission,  use  a  reverse 
procedure  from  that  of  disassembly.  Check  the 
manufacturer'^  manual  for  proper  clearances  and 
the  wear  limits  of  the  parts.  All  leather  oil  seals 
should  be  soaked  for  at  least  45  minutes  in  light 
oil  prior  to  installation. 

All  partS;  whether  new  or  used,  must  be 
lightly  coated  with  medium  grade  preservative 
'■  lubricating  oil.  This  is  done  immediately  after 
inspection  or  repair.  Oiling  the  parts  gives  them 
a  necessary  rust-prevenjive  coating  and. 
facilitates  the  assembly  operations. 

Have  all  the  necessary  parts  and  gaskets  at 
hand  before  the  assembly  operation  begins.  This 
guarantees  that  the  transmission  can  bo 
completely  assembled  without  interruptions. 

Test  the  trajismission  after  it  is  assembled.  If 
all  parts  are  correctly  assembled,  the 
transmission  gears  will  all  rotate  freely  j^ithout 
evidence  of  binding.  Use  a  suitable  \\Qjnch  Ao 
rotate  the  input  shaft  at  least  10  full  revolutions. 
Shift  the  transmission  into  all  the  speed  ranges. 
If  the  transmission  is  noisy,  extremely  loose,  or 
binds,  it  must  be  disassembled  and  further 
corrective  measures  taken. 


TRANSFER  CASES 

Transfer  cases  are  placed  in  the  power  train? 
of  vehicles  driven  by  all  wheels.  Their  purpose  is 
to  provide  the  necessary  offsets  for  additional 
propeller  shaft  connections  to  drive  the  wheels. 

Some  transfer  cases  contain  an  overrunning 
sprag  unit  (or  units)  on  the  front  output  shaft, 
(A  sprag  unit  is  a  form  of  overrunning  clutch:  : 
power  can  be  transmitted  through  it  in  one'  ' 
direction  but  not  in  the  other.) 

On  these  units  the  transfer  is  designed"  to 
drive  the  front  axle  slightly  slower  than  the  rear 
axle.  During  normal  operation,  when  both  front 
and  rear  wheels  turn  at  the  same  speed,  only  the  . 
rear  wheels  drive  the  vehicle.  However,  if  the 
rear  wheels  should  lose  traction  and  j^gin  to 
slip,  they  tend  to  turn  faster  than  the  front 
--wheelsr-A^his~happens7~thr^^^ 
matically  engages  so  that  the  front  wheels  also 
drive  the  vehicle.  The  sprag  unit  simply  provides 
an  automatic  means  of  engaging  the  front  wheels 
in  drive,  whenever  additional  tractive  efTort  is 
-  required.  There^re  two  -  types  of-spring^unit  _ 
transfers-a  single  and  a  double.  Essentially, 
both  typ^s  work  in  the  same  manner. 

The  "first'  indication,  of  trouble  within  a 
transfer  case,  as  ^with,  other,  components  of  the 
'  power  train,  is  usually  -'uof^y"  operation.  If  an 
operator  reports  trouble,  make  ,  a  visual 
inspection  b^for(>- re  moving  the  unit  from  the 
vehicle.  "Check  for  sucH  things  as  oil  level,  oil 
leakage,  and  Water  in  the  oil. 

Make  sure  the  shift  lever  linkages  are 
inspected.  If. the  shift  lever  linkages  are^  bent  or 
improperly  lubricated,  it  will  be  hard  to  shift  the 
transfer  case  or  in  some  cases  will  make  shifting.., 
impossible!'  Make  sure  other  possible  troubles 
such  as  clutch  slippage,  damaged  propeller  shaft, 
and  damaged  axles  have  been  eliminated. 

Worn  or  broken  :gears,  worn  bearings,  and 
excessive  end  play  in  the  shafts  will  cause  noisy 
operation  of  the  transfer  case.  When  it  is  decided 
that  the  trouble  is  within  the  transfer  case, 
removi^  the'iihit  from  the  vehicle  for  repairs. 

M-Slce  sure  the  transfer  case  is  thoroughly 
cleaned  >]before  disassembly  of  the  unit  begins* 
When  the  unit  is  disassembled,  clean  each  part 
with  an  approved  cleaning  solvent.  Inspection  of 
the  individual  parts  should  ToFlow  the  same 
procedure  as  outlined  for  transmissions.  Avoid 
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waste  by  reusing  old  parts  that  are  in  good 
condition. 

If  yqu  are  not  thoroughly  familial"  >^-ith  a 
particular  make  and  model  of  transfer  case,  you 
should  check  the  manufacturer's  repair  manual 
to  insure  that  proper  adjustments  and  assembly 
procedures  are  followed. 

AUTOMATIC 
TRANSMISSIONS 

The  automatic  transmission  is  commonplace 
in  practically  all  types  of  automotive  and 
support  equipment.  Various  types  of  automatic 
transmissions  are  being  used  by  the  Navy.  In 
most  cases  the  transmission  is  used  vath  a 
hydraulic  torque  converter  or  a  fluid  coupling. 

The  Aviation  Support  Technician  M  should 
become  familiar  with  all  phases  of  the  mechanic 
trade  as  well  as  the  various  automatic 
transmission  systems  in  use.  This  ii,  necessary 
because  certain  engine  defects  can  interfere  with 
the  operation  of  a  transmission,  and  conversely,- 
certain  defects  in  the  transmission  will  interfere 
with  engine  operation.  There  are  even  tieups 
between  automatic  transriiissions  and  braking 
systems.  Thus,  whatever  your  specialty  is  as  a 
mechanic-whether  you  ;ire  a  fuel  injection 
specialist,  carburetor  man^^JLuneup  man,  you 
will  be  in  the  dark  about  much  of  your  job  if 
you  do  not  understand  the  basic  principles  of 
automatic  transmissions. 

In  this  section  the  basic  principles  by. which 
automatic  transmissions  operate  will  be 
discussed.  A  good  understarydijig  of  these  basic 
principles  will  better/cnable  you  to  service  and 
repair  automatic  transmissions. 

Most  of  the  fundamentals  of  hydraulics  are 
put  to  work  in.  one  form  or  another  in  the 
automatic  transmission.  The  automatic 
transmission  uses  such  hydraulic  devices  as  rtilief 
valves,  shifter  valves,  pressure  regulators, 
governors,  servo  pistons,  and  many  other 
hydraulic  devices  which  will  be  discussed  in  this 
section. 

Advantages  and  Problems 
.  of  Hydraulic  Systems 

Properly  constructed  hydraulic  systems 
possess  a  number  of  favorable  characteristics.  A 
hydraulic ,  system    is    generally    simple  in 


construction.  It  eliminates;;;  J:he^^^^^^ 
complicated  trains  of  gearsrearris^and  levers  tor  ' 
transmit  motion.  Ima  hydrauUt  system,  motion 
is  transmitted  without  the  slack  inherent  in  the 
use  of  solid  machine  parts.  The  liquids  used  are 
not  sul^ject  tt)  breakage  as  are  mechanical  parts, 
and  the.Hy.draulic  mechanism  itself  is  not  subject 
to^^t  wear. 

However,  there  are  some  special  problems 
associated  with  hydraulic  systems.  One  of  them 
which  pertains  to  automatic  transmissions  is  that 
of  keeping  the  hydraulic  system  dirt  free.  Dirt,  if 
allowed  to  accumulate,  will  clog  small  passages 
or  score  precisely  fitted  parts.  Pressure  must  be 
controlled  in  the  system.  Excessive  mpvement  of 
the  fluid  may  impair  efficiency  because  of 
friction  within  the  fluid  and  against  containing 
surfaces. 

Physical  'Properties 
of  Liquids  ^ 

While  solids  always  have  a  definite  shape, 
liquids  have  no  outer  form  of  their  own.  Th^ 
.  quickly  conform  in  shape  to  their  containers.  In^ 
ease  of  transmission,  liqUiBs  are  second  only  to 
electricity;  their  shapeles&ness  peqjiits  liquids  to 
be  lead  almost  anywhere^in  a  pipe  or  a  hose  by 
means  of  gravity  or  by  applying  forces  to  them. 

.  Some  liquids  do  liot  flow  as  rapidly  as 
others.  The  slower  flo^ying  liquids  are  said  to  be 
more  VISCOUS  than;  the  faster  flowing  liquids 
(glue  is  more  viscbu^' tl^an  water).  VISCOSITY 
may  be  thought  qfas  being  the  internal  friction 
of  a  liquid.  In  the  strict  sense  viscosity  is  defined 
as  the  resistance  which  a  liquid  offers  to  flow. 
Viscbsitj:  increases  with  decreases  ,  in 
temperature,  since  liquids  always  flow  less  easily 
when  cold  than  hot.  Chapter  1 1  of  this  manual 
discusses  ^tj^e  viscosity  of  oil  and  how  the 
viscosity  of  a  fluid  is  measured.  The  Saybolt 
Universal  Viscometer  is  used  to  measure  the 
viscosity  of  other  liquids  as  well  as  the  oil 
discussed  in  chapter  11. 

Another  property  of  liquids  is  their 
INCOMPRESSIBILITY,  at  least  for  all  practical 
purposes.  A  force  of  15  pounds  per  square  inch 
on  a  cubic  inch  of  water,  for  example,  will 
decrease  its  volume  by  only  1/200,000;  and  a 
force  oT  12  tons  per  square  inch  would  reduce  a 
..   cubic  inch  of  water  by  only  10  percent. 
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Other  liqufds  behave  similarly.  When  a  force 
is  applied  to 'a  confined  liquid,  the  ^liquid 
exhibits  substantially  the  ^same  effect  of  rigidity 
as  a-^solid.  If  an  appropriate  e*xit  is  provided,  this 
effect  can  be  combined  with  fluidity  to  transmit 
a  force.  Thus  when  we  strike  the  end  of  a  bar, 
the  main  force  of  the  blow  isxarried  straight 
through  the  bar  to  the  other  end  because  the  bar 
is  rigid.  (See  fig.  10-13.)  Xne  direction  of  the 
blow  almost  entirely  deteripines  the  direction  of 
the  transmitted  force.  The  more  rigid  the  bar, 
the  less,  force  is  lost  inside  the  bar  or  transmijtted 
outward  at  right  angles  to  the  direction  of  the 
blow. 

The  foundations  of  modern  hydraulics  were 
laid  in  1653  when  the  French  scientist  Blaise 
Pascal  discovered  that  pressure  set  up  in  a  liquid 
acts  equally  in  all  directions;  This  pressure  acts 
at  right  angles  to  containing  surfaces.  PASCAL'S 


5.180 

.  Figuw  10>13.-Transmi$sion  of  a  force  through  a  fluid. 


LAW  is  often  stated  as  "Pressure  applied  to  an 
enclosed  fluid  is  transmitted  undiminished  to 
every  portion  of  the  fluid  and  the  walls  of  the" 
containing  vessel."  • 

When  we  apply  the  force  to  the  end  of  a 
column  of  confined  liquid  the  ^  force  is 
transmitted  not  only  straight  through  to  the 
.other  end,  but  also  equally  and  undiminished  in 
all  directions  throughout  the  column-forwards, 
backwards,  and  sideways-so  that  the  containing 
vessel  is  literally  filled  with  pressure. 

For  this  reason  a  flat  Hose  takes  on  a  circular 
cross  section  when  it  Is  fill^  with  water  under 
pressure.  The  outward  push  of  the  water  h  equal 
in  every  directio^h.  (See  fig.  10-14.)  Water  would 
leave  the  hose  at  the  same  velocity  through 
leaks,  no  matter  on  what  side  of  the  hose  they 
might  . happen  to  be.  The  velocity  right  at  the 
point  of  exit  would 'not  be  appreciably  less  in  a 
leak  on.  the -^uppef  side  of  the  hose,  than  a  leak 
on  the 'bottom  $ide. 

Pressure  and  Force  in 
a  Hydraulic  System 

We  have  just  seen  that,  in  accordance  with 
Pascal's  Law,  any^force  applied  to  a  QOnfine(f 
liquid  is  transmitted  equally  in  all  directions 
throughout  the  liquid  regardless  of  the  shape  of 
the  container.  Let  us  now  consider' the  effect  of 
this  physical  property  upon  a  modification  of 
the"  system  shown  in  figure  10-13.  Suppose  the 
column  of  liquid  is  curved  back  upward  to  its 
original  level.  (See Tig.  10-15.)  Here  we  see  two 
pistons.  If  we  push  down  on  piston  1,  a  pressure 
will  be  created  througliout  the  liquid.  (Pressure 
is  \iefined  as  force  divided  by  the  area  over 
which  the  force  is  distributed.)  If  the  force  1  is 
100  pounds  and  the  area  of  the  piston  is  10 
square  inches,  then  the  pressure  in  the  liquid  is 
10  pounds  per  square  inch  (10  psi). 

The  pressure  must  act  also  on  piston  2,  so 
that  for  every  square  inch  of  its  area  it  will  be 
pushed  upward  with  a  force  of  10  pounds.  In 
tills  case  we  are  considering  a  liquid  column  of 
uniform  cross  section  so  that  the  area  of  piston 
2  is  the  same  as  piston  1,  or  10  square  inches. 
Therefore,  the  upward  force  2  on  piston  2  will 
be  100  pounds,  the  same  as  was  applied  to 
piston  1 .  All  we  have  done  in  this  case  is  to  carry 
our  100-pound  force  around  a  bend,  but  the 
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Figure  10- 14.- Pressure  within  a  firehose. 


principle  illustr iled  underlies  practically  aW/^ 
mechanical  applications  of  hydraulics.  . 

At  this  point  it  should  be  noted  that  since 
Pascal's  Law  is  independent  of  the  shape  of  the 
container,  it  is  not  necessary  that  the  tube 
connecting  the  two  pistpns  should  be  the  full 
area  of  the  pistons  throughout.  A  connection  of 
any  size,  shape,  or  lengtl)  would  do,  so  long  as 
an  unobsi'^ucted  passage  is  provided.  Therefore 
the  system  shown  in  figure  10-16,  wherein  a 


relatively  small  bent  pipe  connects  two 
cylinders,  would  act  exactly  the  same  as  that 
showA  in  figure  1 0-1 5 .  ^ 

We  have  considered  hydraulic  systems  having 
pistons  f>f  equal  area  in  figures  1 0-i  5  and  10-16. 
.  Let  us  now  consider  thu,  situation  where  the 
input  piston  is  much  smaller  than  the  output 
piston.  (See  fig.  10-17.)  Let  us  assume  that  the 
area  of  niston  !  is  2  square  inches  and  the  area 
of  pistoi)  2  is  2D  square  inches.  If  a  force  of  20 
pounds  is  impressed  on  piston  1 ,  there  will  be  a 
pressure  of  10  psi  created  iil  the  liquid.  The 
force  in  pounds  divided  by  the  area  in  square 
inches  is  equal  to  the  pressure  in  pounds  per 
square  inch.  This  pressure  of  10  psi  will  act 
equally  at  right  angles  to  surfaces  in  all  parts  of 
the  container.  The  upward  force  on  piston  2  will 
be  10  pounds  for  each  of  its.  20  square  inches  of 
area,  or  200  pounds.  The  ratio  between  output 
and  input  force  will  always  be  10:1  in  this 
system  as^long  as  the  input  force  is  applied  to 
piston  1 . 

If  the  input  force  is  applied  to  piston  2,  the 
output:  input  ratio  would  be  J:  10.  We  can  now 
state  the  general  rule  that,  because  of  Pascal's 
Law,  if  two  pistons  "arp  used  in  a  hydraulic 
system,  the  force  acting  on  each  will  be  directly 
proportional  to  its  area,  'and  the  magnitude  of 
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Figure  10*16.— Connecting  tube  of  variable  width  and  shape. 


PISTON  1  I  JJH  FORCE  l« 
2  SO  IN.    I  11   20  LB 


LEVEL  OF  PISTONS  PRIOR 
TO  APPLICATION  OF 
FORCE 


PRESSURE 


lO'LB  *  PER  SO  INCH 


PISTOl)  2 
20  SO  IN 


Figure  10-17.— Closed  two-cylinder  system  with  pistons  of  different  size. 


4.7 


each  force  will, be  the  product  of  the  pressure 
and  its  area. 

Each  of'the  pistons  of  the  systems  illustrated 
in  figures  1 0-1 5  and  1 0-1 6  is  of  the  same  size,  1 0 
square  inches.  When,  the  input  piston  is 
depressed  by  an  inch,  lO^cubic  inches  of  liquid 
are  displaced.  The  other  piston  is  the  only  other 
movable  object  in  the  system,  so  the  displaced 


liquid,  will  move  the  piston  enough  to 
accommodate  the  liquid.  In  the  systems 
illustrated  by  figures  J  0-1^  and"*10-16  the 
output>  piston  .Will  move  1  inch  to  accommodate 
10  cubic  inches  of  liquid.  In  the  system  of  figure 
10-17  the  output  piston  will  only  need  to  move 
one-tenth  of  an  inch  to  accommodate  the  Uquid 
displaced  as  piston  1  is  depressed  by  an  inch 


300 


306 

EKLC 


Chapter  |jg[^POWER  TRAINS 


because  piston  2*s  area  is  10  times  as  great  as 
piston  r*s  area.  This  leads  to  the  second  basic 
rule  for  two  pistons  in  the  same  hydraulic 
systeihj  WWch  is  that  the  distances  n^ved  are 
inversely  proportional  to  their  areas. 

FLUID  COUPLINGS  - 

You  may  recall  from  chapter  4  of  this 
manual  that  work  (measured  in  ft-lb)  is  the 
distance  moved  multiplied  by  the  for^e  applied 
and  that  torque  is  the  turning  effort  applied 
(measured  in  Ib-ft).  *  . 

The  simplest  means  of  transmitting  torque 
hydraulically  is  through  a  fluid  coupling.  Fluid 
couplings  can  be  used  with  automatic 
transmissions  or  with  a  clutch  and  standard 
transmission.  In  modern  vehicles,  however,  when 
'  the  fluid  coupling  is  .  used  it  is  generally  used 
with  an  automatic  transmission.  ^ 

The  fluid  coupling  consists  of  two  main 
parts,  the  driving  member  of  the  unit  and  the 
driven  member.  The  driving  member  is  called  the 
PUMP  and  the  driven  member  the  TURBINE. 
Not  all  manufacturers  choose  to  use  these  names 
when  writing  about  the  fluid  -  coupling. 
Sometimes  the  purhp  is  called  the  impeller,  or 
driver;  the  turbine  may  be  called  the  runner. 
Often  the  two  members  aire  called  FRONT 
TORUS  and  REAR  TORUS.  (A  torus  is  any 
dbughnut-shaped  object  J  It  is  important  that 
you  become  familiar  with  all  these  terms  so  that 
you'  can  understand  .  the  manufacturers' 
instruction  manuals. 

.  The  pump  of  the  fluid  coupling  is  connected 
to  the  "engine  and  is  rotated  in  the  same  manner 
that  a  crankshaft  rotates  a  flywheel.  Usually,  the 
pump  is  bolted  directly  to  the  flywheel.  The 
pump  is  a  torus-shlped  object  that  has  fins 
extending  radially  from  its  center.  (See  fig. 
10^18.) 

The  turbine  is  made  exactly  like  the  pump 
but  is  connected  to  the  transmission  input  shaft. 
The  two  members  of  the  coupling  face  each 
^other  within  a  housing  that  is  filled  with  the 
driving  fluid  (gen(?raUy  oil). 

'  When  the  pump  "goes  into  motion,  oil  is 
.  forced  outward  by  centrifugal  force  aroumTtlie 
'"^  entire  circumference  of  the  pump  and  hurled 
against  the  blades  of  the  turbine.  A  continuous 
flow  of  oil  against  the  turbine  blades  is  necessary 
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Figure  10-18.-Fluid  drive  pur^p. 


to  transfer  sufficient  kinetic  'ne  7  to  keep  a 
vehicle  in  nwtion.  ' 

The  centrifugal  foro'  »>f  /  oi'  as  it  leaves 
the  pump  gives  the  oil  t:;i;VeL':iC^tv  ir  needs.  The 
faster  the  pump  operates,  the  more  velocity  the 
oil  leaving  the  pump  will  have.  The  design  of  the 
coupling  permits  the  oil  to.  return  to  the  pump 
as  soon  as  it  has  delivered  its  energy  to  the 
turbine. . 

Where  the  vehicle  has  npt  started  to  move, 
the  turbine  is  stationary.  For  instance,  the 
engine  may  be.  rotating  the  pump  at  900  rpm. 
The  pump  is  consequently  imparting  energy  to 
the  fluid  which  in  turn  imparts  energy  to' the 
,  turbine.  By  the  time  the  oil  returns  to  the  pump, 
the  pump  has  moved  some  distance,  making  it 
impossible  for  the  oil  to  reenter* the  pump 
through  the  same  set  of  vanes  it  left.  Consider 
dhe  drop  of  oil;  the  drop  would 'follow  a  path 
that  looks  something  like  a  string  wound  around 

"  a  doughnut  through  the  hole.  (See/fig.  10-19.) 
This  path  of  oil  is  called  a  vortex  and  is  the  path 

.  of  the  stream  of  oil  which  drives,  the  turbine. 
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Figure  10-19.-Sch6matic  of  vortex  f  l^w  in  a  liquid. 

There  are  as  many  vortex  streams  in  a  fluid 
coupling  as  there  are  fins:  , 

As  the  turbine  begins  to  turn,  the  difference 
in  speed  between  the  pump  and  the  turbine 
decreases.  As  the  speed  difference  decreases,  the 
coils  9f  the  vortex  become  closer  together.  A 
LOW  VORTEX  exists  when  the  pump  and 
turbine  are  traveling  at  nearly  the  same  speed.  A 
HIGH  VORTEX  exists  when  the  pump  and. 
turbhie  speeds  differ  greatly. 

The  higher  the  vortex,  the  greater  is  the  ^. 
driving  power  of  the  oil.  When  the' vortex  is 
high,  the  oil  tends  to  strike  the  fins  on  the 
turbine  at  nearly  a  right  angle. 

The  degree  of  vortex  is  continually  changing 
and  is  determined  by  the  difference  in  speed 
between  the  members  of  the  coupling. 

A  condition ''known  as  "Zero  Vortex"  or 
"Fluid  Coupling  Stage"  would  exist<dnly  when  ' 
the  two  members  of  the  fluid  coupling  were 
turning  at  exactly^  the  same  speed.  When  this 
happens  the  fluid  coupling  actually  has  no 
driving  power.  The.  pump,  turbine,  and  the  fluid 
within  the  coupling  are  all  turning  as  one  unit  in 
a  rotary  motion.  .  * 

The   fluid  coupling  stage  seldom  exists, , 
however,  since  the  turbine  »will  always  lag  a  little 
behind  the  pump  when  there  is  a  load  on  the 
.vehicle.  The  fluid  coupHrig  stage  will  exist 


.momentarily  when  the  vehicle  begins  to  coast  or 
reduce  speed.  As  soon  as  the  engine  slows  down, 
the  momentum  of  the  vehicle  will  cause  the 
turbine  to  throw  a  vortex  of  oil  at  the  pump, 
thus  permitting  the  engine  to  help  reduce  the 
speed  of  the  vehicle  by  creating  a  drag. 

With  fluid  couplings,  shock^loads  can  never 
be  transmitted  into  the  engine.  Sudden 
.gearrbreaking  jerks  are  impossible.  vehicle  is 
overloaded,  the  fluid  coupling  will  slip  and  will 
never  allow  the  engine  w  become  overloaded. 
Thus,  harmful  low-speed  lugging  of  the  engine  is 
impossible.  Vibrations  and  irregularities  of  the 
engine  can  be  harmful  to  the  rest  of  the  vehicle's 
power  train..  With  fluid  couplings,  it*-  is 
impossible  for  these  engine  irregularities  to  be 
transmitted  to  the  power  train. 

TORQUE  CONVERTER  ^ 

The  torque  converter  may  be  thought  of  as  a 
special  form  of  the  fluid  coupling.. The  torque 
converter  has  driving  and  driven  members  with 
vanes.  Oil  is  ^passed  *from  the  driving  to  the 
■driven  member  when  the  coupling  is  in 
.  operation,  thereby  tranmiitting  driving  force  to 
the  driven  member.  ' 

Torque  Converter  Principles 

One  of  the  principal  differences  between  the 
torq'ue  converter  and  the  fluid  coupling  is  that 
the  vanes  of  the  members  of  the  torque 
converter  are  curved.  Another  difference  in 
construction  is  the  addition  of  other  members 
between  the  driving  and  driven  members.  These 
additional  members  are  called  STATORS.  The 
functioir  of  tfie  stators  is  to  redirect  the  vortex 
of  oil  as  it  returns  to  the  driving  member.  The 
returning  oil  from  the  driven  inember  would  act 
as  a  brake  on  the  driving  member  if  the  oil  and 
the  driving  me.mber  did  not  have  the  same 
direction.  The  vortex  helps  to  drive  the  pump 
rather  than  opposing  the  pump.  ^ 

The  torque  converter  not  only  acts  as  a  fluid 
coupling  but  also  provides  a  speed-producing, 
torque-multiplying  connection  'between  the 
driving  and  the  driven  shafts.  It  can  actually  take 
the  place  of^the  conventional  transmission  since, 
with  3  torque  converter,  there  is  no  need  for 
manual  gear  shifting.  The .  vehicle  can  be 
accelerated  from  a  standing  stop  to  high  §peed 
with  the  torque  converter  providing,  in  effect. 
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the  varying  gear  ratios.  In  actual  practice, 
however,  the  torque  converter  is  <«sed  with  a 
gear  system  to  provide  an  optimum 
speed/torque  combination.  ^ 

Operation  of  the  - 
Torque  Converter 

The  primary  operation  of  the  torque 
converter  is  the  result  of  the  oil's  being  passed 
from  the  puhip  to  the  turbine.  The  oil  pushes 
against  the  faces  of  the  turbine  vanes,  causing 
ths  turbine  to  rptate  in  thecsame  direction  as  the 
puK'^p,  If  the  pump  is 'rotating  mufch  more 
rapialy  than; .  the  turbine,  the  oil  Renters  the 
turbine  and  pushes  against  the?  turbme  vanes 
with  great  force.  See  figure  10-20  for  a  partial 
cutaway  view  of  the  torque  converter. 


As  the  oil  passes  through  \the  turbine,  it 
imparts  force  all  along  the  turbine\yanes.  But  the 
oil  does  not  give  up  all  of  its  force  of  motion  to 
the  turbine  vanes.  The  oil  stil}  has  considerable 
energy,  even  though  while  passing  through  the 
-turbine  it  has  reversed  its  direction  of  motion  as 
shown  in  figure  10-21.  If  this  direction  of 
motion  were  not  changed,  the ^oil  would  reenter 
the  .pump  in  a  direction  opposing  pump 
rotation.  The  oil  would  then  act  as  a  brake  on 
the  pump,  slowing  the  pump  down. 
Considerable  t-^gihe  poweriwould  be  required  to 
overcome  the  braking  forCe  of  the  oil  pressure. 
The  additional  members  in  .the  torque  converter 
are  placed  so  that  they  can  overcome  this  action 
by  again  cHanging  the  direction  of  the  oil  before 
it  reenters  the  pump,  thereby  avoiding  loss  of 
power. 
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As  can  be  seen  in  figure  10-20  and  in  the 
central  portion  of  figure  10-21,  the  curved 
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Figure  Torque  converter  (arrows  show  direction  - 

of  flow)  -  partial  cutaway  view.  ^\ 
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Figure  T0>21  —Cutaway  view  of  a  torque  converter 
showing  curvature  of  vanes  and  direction  of  oil  flow. 
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Figure  10-2Z '-Primary  and  secondary  stators  showing  freewheeling  rollers. 
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blades  of  the  added  members  (secondary  stator 
and  primary  stator,  fig.  10-22)  reverse-  the 
direct  ion.  of  the '  oil  into  a  forward,  or  helping, 
direction  before  the  oil  reenters  the  pump.  The 
oil  is  once  more  passed  into  the  turbine  from  the 
pump,  adding 7hore'*'*pUsh"  to  the  turbine  vanes. 
During  tills  action  the  stators  are -stationary  and 
act  simply  as  oil  direction  reversers. 

.  It  is  this  continuous  passing  of  the  oil  from 
the  pump  into  the  turbine,  back  to  the  pump 
where  the  oil  picks  up  more  energy  of  motion; 
and  then  back  into  the  turbine  again,  that 
produces  the  torque  multiplication.  Repeated 
application  of  this  push  increases  the  total  push 
so  that  when  the  turbine  is  rotating  at  very  slow 
speed  with  the  pump  rotating  at  high  speed,  the 
torque  at.  the  output  shaft  (attached  to  the 
turbine)  may  be  several  times  the  torque  at  the 
input  shaft  (attached  to  the  engine). '  ^ 


In  actual  operation,  the  secondary  stator  and 
primary  stator  are  stationary  when  there  is  a 
great  difference  between  pump  and  turbine 
speed.  The  secondary  - pump  (fig.  .10-20)  is 
overrunning,  or  running  faster  than,  the  primary 
pump  aad  does  not  enter  into  the  converter 
action  at  all  at  thiJ^tinie. 

When  the  turbine  *is  stopped  or  turning 
slowly  and  the  pump  is  turning  rapidly,  the 
direction  of -the  oil  flow  is  shown  in  figure 
10-21.  As  the  oil  moves  , to  the  secondary  pump 
(at  the  right  of  the  central  portionof  fig.  '  0-21 ), 
the  oil  strikes  the  back  sides  of  the  secondary 
pump  vanes,  pushing  the  secondary,  pump  aKbad 
so  that  the  secondary  pump  overruns.  Under  this 
condition  the  secondary  pump  vanes  are  simply 
moving  out  of  the  way  of  the  oil.  The  secondary 
pump  enters  tho  action  when  the  pump  and 
turbine  are  turning  at  2<bout  the-same  speeds. 
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The  secondary  pump  is  mounted  pn_  a  , 
freewheeling  ot  overrunning  clutch.  The 
freewheeling  clutch  permits  the  secondary  pump 
to  nm  .freely  in  one  direction,  but  when  th& 
secondary  pump  attempts  to  slow  down  below 
shaft  sp^ed,  the  freewheeling  clutch  locks  on  the 
shaft  as  the  roCers  (fig.  10-22)'jam  betweeit  the 
race  and  the  hub. 

When  the  turbine  speed  increases  to  the 
point  at  which  the  turbine  turns  at  nearly  the 
same  speed  as  the  pump,  the  oil  leaves  the 
turbine  vanes  with  less  of  the  reverse  direction. 
As  a  consequence,  the  oil  begins  to  strike  the 
backsides  of  the  secondary  stator  vanes  so  that 
the  secondary  stator  begins  to  overrun  on  its 
^overrunning  clutch.  The  secondary  stator  is  no 
longer  needed;  "therefore,  in  effect,  the 
secondary  stator  moves  out  of  the  way  by 
overrunning  or  freewheelfhg. 

When  turbine  speed  increases  to  nearly' 
pump  speed,  as  when  c^xiising  at  steady  speed 
talong  the  highway,  iJie'  bil  leaves  the  turbine 
vanes  with  very  little  reyerse  direction  of 
motion.  *  The  primary  slat^,  also-  begins  /o 
overrun,  since  the  oil  begins  ta  strike  the  back 
sides  of  its  vanes.  The  oil  begink  to  strike,  the 
front  faces  of  the  secondary  pump\yanes  ^t  the 
same  time.,  "The  secondary  pVmp  stops 
overrunning  and  slows  to  primary  puVip  speed. 
The  secondary  pump  now  helps  the\primary 
"  pump,  and  the  two  work  together  as  \a  unit. 
Under  these  conditions;  the  torque  converter 
functions  like  a  fluid  coupling. 

The  wnit  we  have  described  is  a  five-member 
torque  ^converter  with  a  primary  pump,  turbine, 
primary  stator,  secondary  stafor,  and  secondary 
pump.  Other  .torque  converters  have^.only  four 
members,  while  still  others_have  only  three.  In 
every  case  the  added  units  h^ve  the  job'pf 
reversing  the  direction  of  oil  movement  as  the 
oil  leaves  the  turbine  when  there  is  Considerable  ^ 
difference  in  turbine  and  pump  speeds.  In 
addition    to    these    variations    some  torque 

converters  have  a  lockup  clutch  that  locks  out  

the  converter  above  a  certain  speed.  The  clutch 
acts  much  like  a  conventional  clutch,  but  the 
clutch  does  not  engagC'.until  a  certain  speed  is 
reached.  As  the  clutch  engages,  the  clutch  locks' 
•"out  the  torque  converter  and  thereby  prevenfsj' 
'  any  •  slippage  between  the  driving  arftj -driven 
shafts,  ,        '-'r.y  " 


 Since  torque  converters  vary  considerably  in 

design,  the  amount  of  torque  muttipUcation 
they  <5an  achieve  also  varies.  Practical  Umits  are  u 
about   5:1.  Maiiy  torque  converters  provide 
satisfactory  operation  with  aTmucli  lower  torque  — 
multiplication  (some  passenger  car  units  provide 
less  than  2.5:1). 

PLANET;^Y  GEARS 

Automatic  transmissions  us^.      system  ofj^.,^ 
planetary  gears  to  enable  the  torque  from  the 
torque  converter  or  fluid  coupling  xo  be  used  as 
efficiently  as  possible. 

The  planetary  units  are  the  heart  of  the 
moderfl  automatic  transmission.  An 
understanding  of  the  power  flow  through  the 
planetary  units  is  essential  to  the  understanding 
of  the  operation  of  the  automatic  transmission. 

Members  of  the  Planetary 
Gear  System 

Four  basic  parts  make  up  the  planetary  gear 
systein.  These  basic  parts  are  the  sun  gear,  the 
ring  (or  internal)  gevp-Y,  the  planet  pinions,  and  the 
planet  carrier.  Their  relationship  is  illustrated  in 
figure  1 0-23.  The  sun  gear  is  so  named  because  it 
is  the  center  of  the  system.  The  planet  pinions. 


SUN  GEAR 


2.20a> 

Figure  10>23.-Members  of  a  simple  planetary  g«ar 
system. 


305 


311 


AVIATION  SUPPORT  EQUIPMENT  TECHNICIAN  M  3  &  2 


or  planet  gears,  are  called  planets  because  they 
rotate  around  the  sun  gear  shown  in  figure 
10-23.  The  ring  gear,  or  internal  gear,  is  so  called 
because  of  its  shape  and  because  it  has  internal 

teeth.'   

There  are  several  advantages  inherent  in  the 
planetary  gear  system.  One  of  the  advantages  is 
the  compactness  of  the  system.  Another 
advantage  is  that  there  is  more  tooth  contact  to 
carry  the  load,  since,  each  gear  of  .the  planetary 
system  is  usually  in  contact  with  at  least  two 
^  ^pther  gears  of  the  system.  (See  fig.  10-23.)  The 
^  gears  are  always  in  mesh.  There  caq  be  no  tooth 
damage  due  to  tooth  clash  or  partial 
engagement.  The  big  advantage  is  the  one  which 
makes  it  so  popular:  namely,  the  ease  of  shifting 
gears.  Planetary  gear  sets  in  autornatic 
transmissions  are.  shifted  without  any  skill  on 
the  part  of  the  driver. 

There  are  various  ways  in,  which  power  may 
be  transmitted  through  the  planetary  gear  set.  A 
shaft  from  the  engine  may  be  connected  to  drive 
the  sun  gear,  it  may  be  Qohnected  to  drive  the 
planet  carrier,  or  it  may  be  connected  to  drive 
this  ring  gear.  The  propeller  shaft  that  ultimately 
;  drives  the  wheels  of  the  vehicle  also  may  be 
connected  to  any  of  these  members.  Power  can 
be  transmitted  in  the  planetai'y  gear  systenl 
when:  * 

1 .  The  engine  is  delivering  power  to  one  of 
.  the  three  members. 

2.  The  propeller  shaft  is  connected  to  one 
of  the  other  members. 

3.  The  remaining  member  is,,  held  against 
rotation. 

>  '  ^  ■ 

All  three  conditions  must  be  satisfied  for  power 
to  be  transmitted  in  the  system.  Automatic 
transmissions  provide  the  means  for  holding  a 
member  through  hydraulic  *  servos  or  spring 
pressure. 

/ 

Power  Transmission  Through 
a  Planetary  System 

Power    cap.    be    transmitted   through'  a 
planetary  system  under  eight  sets  of  conditions. 

^  CASE  ONE-MAXIMUM  REDUCT(oN.-In 
the  first  set  of  conditions  the  engine  is  driving 
the  sun  gear;  the  propeller  shaft  is  connected  to 


/ 


the  planet  carrier;  and  the  ring  gear  is  held 
against  rotation.  (See  fig.  10-24.)  The  planet 
gears  are  jneshed  with  the  sun  ge^.  The  planet 
gears  ro-tate  on  .their  shafts  (the  planet  gears  are 
always  free  to  rotate  on  their  own  shafts).  The 
ring  gear  is  held*  stationary,  forcing :  the 
plinetariefi  to  '^Valk  around"  the  inside  of  the 
ring  gear.  When  the  planet  pinions  walk  around 
the  ring  gear,  they  rotate  the  planet  carrier  pn  its 
center.  If  the  ring  gear  were  not  held  stationary, 
the  planets  would  spin  on  their  shafts  and  rotate 
the  ring  gear.  'Because  the  propeller  shaft  is 
connected  to  the  planet  carrier,  it  rotates  with 
the  planet  ..carrier.  In  this  case,  the  propeller 
shaft  rotates  in  the  same  direction  as  the 
crankshaft,  but  the  two  shafts  do  not  rotate  at 
the  same  speed. 

To  calculate'  the  speed  ratio  between  the 
crankshaft  and  the  propeller  shaft,  add  the  total 
number  of  teeth  on  the  ring  gear  to  the  total 
number  of  teeth  on  the  sun  gear.  Then  divide 
the  number  of  teeth  on  the  sun  gear  into  that 
number.  The  speed  ratio  (ENGINE  SPE^p  TO 
^P/^PELLER  SPtED)  may  be  expressed 
algebraically  as  (R  i  S):S  where  S  is  the  number 
of  teeth  in  the'suhi  gear,  and  R  is  the  number  of 
teeth  in  the  xmjf:  {jcar.  For  instance,  if  the  sun 
gear  has  1 8  teeth  and  the  ring  gear  36,  the  total 
is  54.  Divide  18  into  54,  and  the  answer  is  3. 
This  means  thTslhi  gear  must  rotate  three  times 
in  order  to  rotlfte  the  planet  carrier  once. 
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Figure  10-24.— Plan«tary  gears  in  maximum^reductipn. 
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C  *A  S  E  TWO  -  M  I  N  I  M  U  M 
REDUCTION.-Minimum  reduction,  in  the 
planetary  gear  set  takes  place  wHen  the  ring  gear 
is  driven  by  the  engine  and  tlie  propeller^lyfft  is 
connected  to  the  planet  carrier  (fig.  10-25).  The 
sun  gear  is  held  against  rcftation.  The  rotation  of 
the  ring  gear  forces  the  planets  to  walk  around 
the  sun  gear.  The  planetary  carrier  is  rotated  in 
the  same  directior.  as  the  engine.  The  attached 
propeller,  or  output,  shaft  is  rotated  in  the  same 
direction  as  the  planetary!  carrier.  There  is  a 
speed  reduction  from,  the  crank  shaft  to  the 
output  shaft. 

The  speed  reduction  is  not  of  the  same 
"magnitude  as  the  speed  reduction  in  case  one. 
The  speed  reduction  may  be  calctUated  by 
adding  the  number  of  teeth  in  the  sun  gear  to 
the  number  of  teeth  . in  the  ring  gear  and  dividing 
the  total  into  the  number  of  teeth  in  the  ring 
gear.  The\esult  of  R  -^R  +  S)  is  then  compared 
to -unity  (one):  Note  that  when  we  speak  of  a 
speed  reduction  or  a  speed  increase  (discussed 
later),  we  are  comparing  the  output  from  the 
tran.smission  witlTthe  input  to  the  transmission. 
The  ratio  we  speak  of  is  the  ratio  of  the  input  to 
the  transmission  to  the  output  from  the 
transmission  (inputiqutput).  The  ratio  for  case 
^wo  is  (S  +  R):R.  If  the  Sun  gear  has  18  teeth 
and  the  ring  gear  36,  this  would  make  a  total  of 
54.  Divide  36  into  "54  and  the  answer  is  1  1/2. 
This  frieans  the  engine  must  rotate  the  ring  gear 


1  1/2  times  in  order  to  rotate'  the^  planet  cafrier 
once.  The  ratio  i5  1  1/2:1  and  the  reduction 
through  the  transmission  is  1/3  (the  output  is 
2/3  of  the  input).  *^ 

CASE.  ^T  H'R  E  E  -  R  E  y  E  R  S  E 
REDUCTION. -When   a  j reverse  reduction  is' 
desired,  the  engine  is  made  to  drive  the  sun  gear;  . 
the  propeller  shaft  is  connected  to  the  ring  gear; 
and  the  planet  carrier  is  held  stationary.  (See  fig. 
10-26.)  The  sun  gear^is  driven  in  the  same 
direction  of  rotation  as;^the  engine  (clockwise), 
thus    causing    the    planet"  gears    to  rotate 
counterclock\yise.  Since  the  planet  carrier  is  Held 
stationary;  the'planet  gears  rotate  oh  their  shafts, 
and  cause  the  ring  gear  to  rotate  in  an  opposite 
direction  from  the  sun  gear.  Tfie  gear  reduction, 
in  this  case,  is  a  direct  ratio  of  the  number  of 
teeth  on  the  ring  gear  to  the  nurj^^^er  of-teeth 
the  sun  g.^ar.  For.example,  if  the  ring  gear  has  ?6 
teeth  and  thp  stm  gear  18,  the  speed  redaclion 
will  be  one-half.  The  planetary  gears  merely,  idle 
and  do  not  influence  the  speed  rati9.  Tiie  ratio 
may  be  expressed  algebraically  as  R:S. 

CASE  F  O  U  R  -  M  I  N  I  M  6  M 
OVERDRIVE.— This  case  is  opposite  to  case 
two.  As  shown  in  figure  10-^27,  the  engine  drives 
the  planet  carrier,  and  the  output  is  taken  from 
the  internal"  (ring)  gear.  The  sun  gear  is  held 
against  rotation.  ,The  driving  and  driven 
members  have  changed  places.  The  result  is  an 
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Figure  10-25.— Planetary  oears  in  minimum  reduction. 
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\Figure  10-26.— Planetary  gears  in  reverse  reduction. 
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Figure  10-27.— Planetary  gears  in  minimum  overdrive. 
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FJgure  1 0-28.— Planetary  gearsin  maximum  overdrive. 


increase*  in  speed  from  the  jnput  shaft  to  the 
output  shaft  instead  of  a  reduction  in  speed. 

The  algebraic  expression  for  the  speedy 
increase,  (S  +  R)  R,  is  the  inverse  of  the  one 
for  minimum  spee'd  reduction.  Instead  of  having 
a  speed  ratio  of  1  1  /2: 1 ,  we  now  have  a  ratio  of 
1:1  1/2*.  The  engine  will  rotate  once  for  every 
one  and  one-lialf  times  that  the  propeller  shaft  is 
rotated.  A  minimum  overdrive  is  the  type 
•  usually  foirhd  in  automotive  equipment  that  has 
'  an  overdrive  incorporated  in  the  transmission. 

CASE  FIVE-MAXIMUM 
OVERDRIVE.- Another  means  of  obtaining  an 
overdrive  effect  is  possible  in  the  planetary  gear 
system.  Case  five  uses  the  driven  member  of  case 
one  as  the  driving  member  and  the  -driving 
mejTiber  of  case  one  as  the  driven  meniber.  As 
shown  in  figure  10-28,  the  engine  is  connected  to 
the  planet  carrier  and  the  sun  gear'is  connected 
to  the  propeller  shaft.  The  ring  gear  Ms  held 
against  rotation.  Instead  of  maximum  reduction 

.  we  ha^  maximum  overdrive. 

The  aJgebraic  formula  for  the  speed  increase 

^^is*the  reciprocal,  or  inverse,  or ''the  algebraic 
expression  for  the  speed  reduction  ot  case  one. 
The  formula  is  (S  +  R)  S<  Assyniing  the  same 
numba:»of' teeth  as  in  case  one  for  the  members 
of  the  gear  system,  the  ratio  would  be  1 :3.  the 
engine  will  rotate  one  time  while  the  propeller 
shaft  is  rotatuvg  three  times. 

CASE  SIX- REVERSE  OVERDRIVE.-The 
fdverse  ,  overdrive  condition  has  little  practical 


value  and  is  'included  only  to  cover  all  of  the 
possible  combinations  of  a  planetary  geaj*  set. 
The  engine  is  connected  to  the  ring  gear,  and  the 
propeller  shaft  is  connected  to  the-sun  feear.  The 
planetary  carrier  is'  held  against  rotation.  The^ 
sun    .gea'r    is    forced    to    rotate    in  a 
counterclockwise  direction.  The  speed  increase    -  * 
will  be  two  to  one  if  the  ring  gear  has  36  teeth  ^ 
and  the  s\m  gear  has  1 8  teeth.  ''^!^'\^%  ^ 

Reverse  overdrive  is  opposite  to  rcffexse 
reduction.  -Thq  speed  increase  would  be 
expressed  algebraically  as  R/S.  Th^  ratio  would 
be  1:2.  The  engine"  will  rotate  once  while  ifie 
propeller  shaft  is  rotating  twice.  There  is  no 
advantage  for  a  vehicle  to  have  a  speecf  increase 
in  reverse. 

CASE  SEVEN-DIRECT  DRIVE.-If  direct 
(Mve  is  desired,  no  member  of  the  planetary  _ 
^l^rSQis  held  to  prevent  rotation.  A  ^irect  drive 
f  obtained  regardless  of  which  member  is  . 
driven  or  whicli  member  is  the  driving 
lumber.'  As  an  example  consider  the  situation 
where  the  driving  member  is  the  sun  gear  and 
the  driven  member  4s  the  planet  carrier  as  in 
figure  10-24.  Instead^  of  locking  the  ring  gear, 
leave  it  free  td  rotate  and  lock  thji^ring  tb  the 
sun  gear.  If  this  conditionr  existed;  the  entire 
unit  would  rptate  and  as  a  result  a  one-to-one 
ratio  from  the  en^pe  to  the  propeller  shaft 
would  exist."  '  ^  ' . 

'  Any  two  of  the  members  may^be  locked 
together  to  obtain  direct  drive.  There  is  no  speed  ^ 
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icrcase.;:  Or  decrease  within  the  system  (1:1 
itio).  The  engine  will  rotate  oi^ce  as  the  output ' 
haft. rotates  one  time. 

CASH  .EldflT-NEUTRAL.-^n  the  last 
ossible  combination  for  a  plan^ttary  gear  set,  no 
nember  is  hel(j|  agaiiist  .rolatioA  or  locked  to 
nether  member.  When  no  member  is  held  to 
ake  torque  reaction  .  there  can  be  no  power 
ransmitfed  through  the  planetary  system. -The 
planetary  carrier  may  be  driven,  but  if  the  sun 
jear  is  ndt  held  there:  will  be  no'  minimum 
overdrive  condition.  The  sun  gear  will  rotate, 
naking  it  impossible  for  the  planets  to  wflk 
iround  the  sun  gear.  The  planets  have  to  walk 
iround  the  sun  gear  to  drive/the  ring  gear  to 

)btain  minimum  overdrive. 

■     <■        f  .  • 

■V.      .  •  *  • 

A  tabular  summary  of  the  possible  planetary. 
:ombinations  discussed  in  the  eight  cases  is 
provided  in  liable  10-1.  The  algebraic  expressions 
^or  the  yjeed^  the^ropelier  shaft-where^here 


is  a  speed  reduction  or  increase  are  listed  in  table 
^10-2.  X 

AUTOMATIC  TRANSMISSION 
CONTROL  SYSTEM' 

.P<o  vision  must  be  made  within  fhe 
automatic  transmission  system  for  the 
transmission  to  shift  automatically  from  one  . 
gear  range  or  ratio  to  another  a?  the  speed' and' 
power  'reguirements  of  the  vehicle  and  the 
demands  of  tlvgl  driver  vary.  The  means  of 
mechanical  contrql  is  to  connect  a  control 
device  to  the  hand  lever  operated  by  the  driver. 
The.  Speed .  of  the  vehicle  can  regulate  the 
selection  of  the  gear  ratio  to  be  used  under 
normal  operating  conditions  as  follows:  slow 
speed  requires  9  low  gear  ratio;  fast  speed 
requires  a  high  gear' ratio.  To  do  this,  a  governor 
driven  by  the  engine  or  the  drive  shaf^  selects 
the  gear  »ratio  in_jelation  to  the  speed  of  the 
vehicle. 


o 


Table  10-1.-Tabular  summary  of  the  pOssiUe  combinations  of  a  planetary  gear  set 


CASE 

STATIONARY 
MEMBER  ' 

DRIVING 
MEMBER 

DRIVEN 

•  m^:mber 

RESULT 

ONE 

RING 

SUN 

CARRIER 

*  '■ — —  

MAXIMUM  • 
REDUCTION 

TWO 

SUN 

RING 

CARRIER 

MINIMUM  RE- 
DUCTION 

THREE 

CARRIER 

>  SUN 

RING  ^ 

REVERSE-RE- 
DUCTION 

FOUR 

SUN       ^  . 

CARRIER 

RING 

MINIMUM 
OVERDRIVE 

■   1  \  — — ■ 

FIVE 

RING 

CARRIER 

SUN  ' 

'  MAXIMUM 
OVERDRIVE 

SEC 

CARRIER 

RING 

SUN 

REVERSE 
OVERDRIVE 

SEVEN 

NONE  (TWO 
HELD  TO- 
GETHER) 

ANY 

ANY 

DIRECT  DRIVE 

EIGKT 

NONE 

ANY 

NONE 

^   ^ 

NEUTRAL 

ERIC 
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Table  10-Z-Algebraic  expresiion  for  determinirfg  the  relative  speeds  of  the  planetary  gear  members 


PLANETARY  GEAR  SPEEDS 

S  =  Number  of  Teeth  In  San  Gear  =  18  (text  example) 

■\  " 

R  =  Number  of  Teeth  in  Ring  Gear  =  36  (text  example) 
C  =  Planet  Carrier 


CASE 

3TATI0NARV  I 
MEMBER^ 

DRIVING 
MEMBER 

DRIVEN 
MEMBER 

SPEED  RATIO 
ENGINE:  PROPELLER 

RELATIVE  SPEED  OF 
THE  DRIVEN  MEMBER  - 

ONE 

9 

R 

s 

c 

R  +  S:S 

example 

36  +  18:18 
54:18 
3:1 

S/R  +  S 

ex.  • 
1/3. 

1  WU 

o 

It 

S  +  R:R 

18  +  36:36 
54:36 
1  1/2:1 

■"•R/S  +*R 

'  2/3 

THREE 

^  c 

s 

R 

R:S 

36:18 
2:1 

S/R 

1/2 

FOUR 

•r 

S 

c 

R 

R:R  +  S 

36:36  +  18 
36:54 
1:1  1/2 

R  +  S/R 

3/2 

FIVE 

R 

c  , 

S 

S:S  -f  R 

18:18  +  36 
18:54 
1:3 

S  +  R/S  / 

3/1 

SEC 

c 

r' 

S 

S:R 

18:36 
1:2 

R/S 

•2/? 

SEVEN 

NONE 

ANY 

.  ANY 

1:1  ^ 

EIGHT 

NONE 

ANY 

NONE 

0 

Another  method  of  controlling  the 
transmission  automatically  is  to  do  so  by  the 
load  on  the  engine.  Because  the  vacuum  in  the 
manifold  decreases  as  the  load  on  the  engine  is 
increased,  this  can  be  done  by  connecting  a  valve 
to  the  engine  intake  manifold.  Another  method 
is  to  have  a  valve  or  valves  operated 
hydraulically  by  means  of  oil  pressure  generated 
in  the  engine  or  in  the  transmission  by  oil 
pumps. 


Traffic  and  terrain -conditions  are  sUch  that 
the  vehicle  speed  of  engine  load  is  not  always 
the, desired  method  of  choosing  the  gear  ratio  to 
be  used.  The  matter  of  gear  ratio  selectioa^and. 
shifting  must  be  under  the  control  of  the  driyer. 
The  driver's  demands  are  expressed  by  the 
artiount  he  advances  the  accelerator.  Suddenly 
depressing  the  foot  accelerator  vhen  tlje  vehicle 
is  moving  will  cause  the  transmission  to  shift  to 
a  lower  gear  ratio  in  order  to  permit  more  rapid 
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acceleration.  Should  the  vehicle  be  accelerating 
in  a  condition  at  less  than  full  throttle  the 
control  action  of  the  autdmatip*  transmission 
normally  would  shift  into  a  higher  gear  ratio  at  a 
certain  speed.  If  the  accelerator  is  depressed  just 
as  this  spec is  reached,  it  is  linked  to  the 
automatic  transmission  ih  such  a  VarV4hat  the 
shift  will  be  overcome^  and  permit  rapid"^ 
acceleration  of  tji^  vehicle  in  the  lower  range 
instead  of  shifting'into  a  higher  gea^.. 

More  than  one  of  theTse  control  devices  may 
be"  combined  in  a  system  in^  order  to  obtain 
almost  any  kind  of  automatic  control  desired.  It 
is  often  desirable  to  ^thch  ^mofe  than  one 
control  to  a  valye  in  order  to  balance  the  action. 
-For-  example,  ^a  Vklve  might  have  dual 
controls— one  to  the  foot  accelerator  and  one  to 
the  intake  manifold.  In  this  case  the  valve  can  be 
opened  or  closed  by  movement  of  the. 
accelerator,  provided  that  the  engine  is  under 
light  load.  If  the  engine  is  under  heavy  load,  the 
shift  that  would  normally  take  place  by  actibn 
of  the  accelerator  woMld  be  delayed  by  the 
interconnected  vacuum  control  until  the  engine 
load  decreases.  Adjustment  to  speed  and  load 
and  the  demands  of  the  driver  are  automatically  , 
Shade  in  the  transmission  ratios  by  appropriate 
connection  of  different  contrpk  to  the  shifting 
valves  in  the  transmission.  * 

In  modern  automatic  transmissions  the 
automatic  shifting  is  accomplished  through  a 
system  of  hydraulit  v^ves  or  servo  units 
operating  clutches  and/op.:bands.  A  pump  or 
pumps  develop  hydrauBc**  pressure,  that  is 
diredted  by  the  control  valVes  to:clutches  and/oj  . 
bands  that  dontrol  the  gea4*s  in  the  automatic 
transmission  and  cause  the  shifting  from  one 
ratio  to  another.  The  operation ^f  the  vario.us 
control  valves  is  a  mechanical  balance  controlled 
by  ^tRej?  position  of  the  -hand  lever,  governor 
pressure,  throttle  valve  pressure,  engine  vacuum, 
or  return  spring  pressure.  The  control  system 
operates  on  a.balanced  pressure  plan.  Springs  are 
balanced  against  varying  pressures  and  speeds 
'until  a  very  sensitive  and  responsible  control  is 
obtained  over  the  transmission  mechanism. 

MAINTENANCE  AND  REPAIR 

The  procedures  for  the  maintenance  and 
repair  of  automatic  transmissions  will  vary 
considerably   among   makes   and   models  of 
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transmissions.  For  this  reason  no  procedures  for 
maintenance  and  repair  are  presented  in  this 
manual.  It  is  stressed  that,  when  repairs  are  to  be 
performedy^ypu  follow  the  specific  procedures  as 
■  outlined  in  the  manufacturer's  maintenance 
manual  for  the  transmission  being  repaired. 
Adjustments  to  automatic  transmissions  must  be 
.___niade_accurately  to  obtain  proper  operation  of 
the  unit. 

PROPELLER  SHAFT 
ASSEMBLIES 

The  propeller  shaft  assembly  consists  of  a 
propeller  shaft,  a  slip  joint,  and  one  or  more 
*  .  universal  joints.  The  propeller  shaft  is  a  driving 
shaft  that  transmits  the  pbwer  from  the 
transmission  to  the  differential.  The  slip  joifit 
(fig.  10-29)  is  necessary  because  the  movement 
between  the  transmission  and  the  differential 
requires  that  the  propeller  shaft  be  able  to 
shorten  or  lengthen  itself.  On  vehicles  having 
rear  springs  the  differential  moves  up  and  down 
as  the  rear  wheels  move  over  uneyen  surfaces. 
This  up  and  down  mbvement  lengthens  and 
shortens  the  distance  between  the  transmission 
and  the  differential.  On  vehicles  such  as  tow 
tractors  that  have  no  rear  springs,  the  slip  joint  is 
necessary  because  the  distance  between  the 
transmission  and  the  ^differential  still  increases 
and  decreases  when  the  vehicle  moves  over 
uneven  surfaces.  Vibration  of  the  engine  on  its 
shock  mounts  and  expansion  and  contraction 
also  necessitate  a  slip  joint. 

Because  the  differential  is  situated  below  the 
level  of  the  transmission,  universal  joints  are 
necessary  to  permit  the  change  of  direction  of 
jirive.  The  usual  type  of  slip  joint  consists  of  a 
splined  shaft  that  fits  into  a  splined  sleeve  as 
shown  in  figure  10-29.  The  splines  permit  the 
continuing  transmission  of  ^wer  as  the  s^eve 
moves  back  and  forth  on  Jfne  shaft.  A  universal, 
joint  is  essentially  a  double-hinged  joint 
consisting  of  a  Y-shaped  yoke  on  the  driven 
shaft,  another  Y-shaped  yoke  on  the  driving 
shaft,  and  a  cross-shaped  member  called  the 
spider.  Figure  10-30  shows  a  common  universal 
join^  Two  of  the  four  arms  (trunnions)  of  the 
spider  fit  into  bearings  in*  the  end  of  the  driving 
shaft  yoke,  and  the  other  two  arms  (tru'nnions) 
are  assembled-*in  the  end  of  the  ^driven  shaft 
yoke.  When  the  two  shafts  are  at  an  angle 
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LOCK  RING 
BUSHING  • 


^  81.194; 

Figure  10-30. -Common  type  of  universal  joint.^ 


to  each  other  the  bearings  in  thfe  yokes  permit 
the  yokes  to  swing  on  the  trunnions  with  each 
revolution.  Universal  joints  may  have,  rpll^r 
bearings  around  the  trunnions  as  shown  in  figure 
10-29. 

Slip  joints  and  universal  joints  require  little 
maintenance  except  lubrication  where  fitted 
with  grease  fittings.  They  may  be  factory  packed 
with  grease  and  not  need  lubrication.  Propeller" 
shafts  may  be  solid  or  tubular.  Tubular  shafts 
are  used  when  the  transmission  is  some  distance 
from  the  differentJal.  Solid  shafts  are^  usually 
used  on  tOw  tractors  because  the  shaft  is  very 
short.  ■  '^'^ 


DIFFERENTIALS 

The^differential  is  connected^to  the  propeller 
shaft  by  the  final  drive.  The  final- drive  consists 
of  a  pinion  gear  driven  by  the  propeller  shaft. 
The  pinion  turns  a  ring  gear  thfat  is^part  of  the* 
differential.  The  function- of  the  ring  gear  and 
pinion  is  to  change?  the  direction  of  the  power 
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SPUR  BEVEL  GEAR 


81.195 


Figure  10-31.— RinagefM'.  and  pinion. 


transmitted  through  the  propeller  shaft  by  90 
degrees  in^  order  to  drive  the  axles.  The  ring  gear 
aitd  pinion  also  provide  fixed  reduction  between 
the  speed  of  the  propeller  shaft  and  the  axles. 
The  gear  ratio  is  determined  byj  dividing  the 
number  of  teeth  on  the  ring  gear  by  the  number 
of  teeth  on  the  pinion.  ^ 

Most  aviation  support  equipments  have  bevel 
gears  (fig.  10-31)  in  the  final  drive.  Spur  bevel 
gears  are  very  noisy;  therefore,  spiral  bevel  gears 
are  used  on  most  equipment;  The  ring  gear  and 
pinion  are  housed  in,  the  differential  housing  and 
lubricated  by  the  grease  therein. 


The  purpose  of  the  differential  is  to  adjust 
for  the  difference  in  distance  the"  driven,  wheels 
travel  when  the  vehicle  turns.  For  example,  if  a 
90-degree  turn  was  made  on  a  .20-ft  radius,  the 
inner  wheel  would  travel  about  31  ft  jand  the 
outer  wheel  would  travel  nearly  39  ft.  The 
differential  permits  each  axle  to  turn  at  a 
different  rate  and  still  be  driven  as  a  single  unit. 

CONVENTIONAL 
DIFFERENTIAL 

The  drive  pinion,  connected  to  the  propeller 
shaft,  rotates  the  drive  ring  gear  and  the 
differential  case  which  is  attached  to  it.  (See  fig. 
10-32.)  When  both  wheels  are  rotating  at  the 
same  speed,  as  they  do  on  a  smooth  straight 
surface,  the  differential  pinions  do  not  rotate  on- 
their  trurmions  but  serve  to  lock  the  drive  ring 
gear  and  differential  case  with  the'  differential 
side  gears  and  axles,  making  them  turn  as  one 
unit.  In  this  case  there  is  no  relative  motion 
between  the  drive  ring  gear  and  the  axles,  and 
the  teeth  of  the  differential  pinions  do  not  move 
over  the  teeth  of  the  differential  side  gears. 

When  the  vehicle  turns,  one  wheel  must  turn 
faster  than  the  other. _  The  differential  side  gear 
driving  the  outside  wheel  through  the  axle,  will 
turn  fs&ter  than  the  side  gear  of  the  inside  wheeL 
For  the  drive  ring  gear  to  remain  meshed  ^with 
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Figure  10-32.— Rear  axles  and  differential. 
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the  two  differential  side  gears,  each  turning  at 
different  speeds,  the  differential  pinions  must 
turn  on  their  trunnions.  The  amount  by  which 
the  differential  pinions  cause  the  inside  side  gear 
to  slow  in  the  rate  of  turn  is  the  amount  by 
which  they  will  cause  the  outside  side  gejar  to 
increase  the  rate  of  turn.  The  average  speed  of 
the  two  side  gears  is  always  eqi'al  to  the  speed  of 
the  drive  ring  gear.  For  exaiinple,  if  the  drive  ring 
gear  makes  four  revolution^-  and  the  ?iaier 
side  gear,  axle,  and  wheel  nj^e  one  revolution, 
the  outside  wheel  \vill  rotate  seven  times. 

If  one  wheel  spins  free  from  traction  on  a 
vehicle,  using  a  conventional  differential,  the 
other  wheel  Icses  power  because  the  differential 
pinions  aire  revolving  around  the  side  gear  of  the 
stationary  wheel  and  applying  all  the  power  to 
the  spinning  wheel.  This  result  would  be  entirely 
unsatisfactory  in  towing  tractors;  therefore,  a 
no-spin  differential  is  employed.  - 

NO-SPIN  DIFFERENTIAL 

To  provide  the  meians  of  improving  tractive 
effort,  of  the  driving-wheels  when  one  wheel  slips 
from  loss  of  traction,  the  differential  must 
prevent  actual  slippage  and  apply  torque  power 
to  the  driving  wheels  only  to  the  extent  that  the 
wheels  can  utilize  the  torque  without  slipping. 


The  no-slip  differential  (fig.  10-33)  uses  a  pair  of 
toothed  clutches  to  do  this.  It  does  not  contain 
side  gears  as..doesL  the  conventional  differential. 
Instead  it  contains  a  spider  attached  to  the  drive 
ring  'gear  through  four  differential  pinions 
turning  on  the  spider  trunnions,  plus  two  driven 
clutch  members  with  side  teeth  that  are  indexed 
by  spring  pressure  with  side  teeth  in  the  spider. 
Two  side  members  are  splined  to 'the  wheel  axles 
and  in  turn  are  splined  into  the  driven  clutch 
members.  > 

iJht  center  cam  (fig.  1 0-34)  in  the  slider  is 
held  in  place^hy  a  snap-ring  that  permits  the 
center  cam  to  rotate  but  does  not  permit  it  to  . 
move  laterally.-  When  making  a  right  turn,  the. 
right   driven   clutch   member  remains  fully 

•  engaged  with  the  spider  clutch' teeth  (fig.  10-35). 
The  spider,  clutch  teeth  '(the  driving  teeth) 

^  drive  the  right  (inside)  wheel  at  drive  ring  gear 
speed.  The  left  wheel  (outside)  covA-s  a  greater 
distance  and  must  turn  faster^;  tlian  drive  ring^ 
geaf  speed.  The^  differential  mmt  perinit  this^- 
action.  As  the  left  wheel  begins  to  turn /aster^^ 
the  left,  driven  clutcfi  membex,.^5p;tums  faster 
than  drive  ring  gear  and  spidef  speed:  As  the  left 
driven  clutch  member  begins  to  turn  faster,  the 
cam  lobes  or  ramp&.  on  its  edge  ride  up  on  the 
cam  lobes  on  the  center  cam.  This  action  pushes 
the  left-driven  clutch,  member  away  from  the 
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Figure  10-34.— Construction  of  center  cam. 


spider  so  the  clutch  teeth  disengage.  (See  fig. 
.10-36.)  As  the  crest  of  the  ramp  is  passed,  spring 
pressure  forces  the  teeth  of  the  driven  clutch 
member  back  into,  full  engagement  with  the 
teeth  on  the  spider.  This  action  is  repeated  as 
long  as  the  left  wheel  turns  more  rapidly  than 
the  right  wheel.  Full  drive  is  applied  to  the  right 
wheel;  no  drive  is  applied  to  the  . left  wheel.  As 
soon  as  the  vehicle  completes  the  turn  and  the 
left  .wheel  slows^  down  to  the  right-wheel  speed, 
driving  power  is  applied  equally  to  both.  For  a 
left  turn  the  action  is  similar  except  that  full 
drive  is  applied  to  the  left  wheel;  the  right  wheel 
turns  more  rapidly  than  the  left  wheel. 

With  the  ho-spin  differential  one  wheel 
cannot  spin  because  of  loss  of  traction  and 
thereby  deprive  the  otheF  wheel  of  driving 
effort.  For  example,  suppose  that  one  wheel  is 
on  ice  and  the. other  wheei  is  on  dry  pavement. ' 
The  wheel  on  ice  is  assumed  to  have  no  traction. 
The  wheel  on  ice  cannot  spih  because  wheel 
speed  is  governed- by  the  spejpd  of  the  wheel 
applying  tractive  effort.  Therefore,  the  wheel  on 
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Figure  10-35.— Operation  of  no-spin  defferenttal 
during  a  turn. 


dry  pavement  will  pull  to  the  .  limit  of  its 
tractional  resistance  at  the  pavement. 

MAINTENANCE 

The  grease  in  the  differentiaT^should  be 
periodically' checked' and  brought  to  the  proper- 
level  if  needed.  The  area  under  the  differential  . 
should  be  checked  after  the  vehicle  has  been  ^ 
patked  to  determine  that -the ^gaskets,  in  the 
differential  housing  are  not  leaking,  When  found 
leaking,  drain  the  grease,  support  the  housing, 
remove  the  bolts  'and  old  gasket,  clean  the 
surfaces, "  and   install   a  new  gasket,  y^h^n 
operating  the  ^  vehicle  .  in  cold  weather,  the 
manufacturer's    spe  cifications    should  be 
consulted  to  determine  the  differential  grease  to 
be  used.  It  may  be  necessary  to' change  grease 
with  thf  seasons.  .  _ 

The  first  clue  to  existing  trouble'  in  a 
differential  is  usually  a  noise.  Defective  universal 
joints,  roligh  rear  wlfeel  bearings^  or  tire  noises 
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DRfvEN  currcH 

MEMBER  BECOMES 

DISENGAGED  AND  SPIDER 


CENTER  CAMS  SERVE  AS  RAMPS  TO  ELEVATE 
THE  DRIVEN  CLUTCH  MEMBERS  THROUGH 
CONTACT  WITH  THEIR  FIXED  CAMS 
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Figure  lO-SG.— Action  of  center  cam  during  a  turn. 

may  be  imprpperly  diagnosed  as  differential 
trouble.  To  properly  determine  the  trouble,  the 

,  source  of  the  noise  must  bp  determined  arid  the 
operating  conditions  under  which  the  noise  is 
rhost  pironounced.  A  clue  may  be  gained  as  to 
the  cause  of  the  trouble  by  noting  whether  the 
noise  is  a^owl,  a  hum,  or  a  knock;  whether  it  is 

*•  heard  when  the  vehicle  is  operating  on  a  straight 
road,  or  on  turns  only;  and  whether  the  noise  is 
most  noticeable  when  the  engine  is  driving  the 
vehicle  or  when  it  is  coasting. 

A  humming  noise  in  the  differential  usually 
n  eans  that  the  drive  ring  gear  or  drive  pinion 
needs  adjusting.  An  improperly  adjusted  ring 
gear  or  pinion  prevents  normal  tooth  contact 
between  the  gears  and  produces  gear  noise  and 
wear.  The  humming  noise  will  gradually  take  on 
a.. growling  characteristic  if  the  trouble  is  not 
corrected,  and  the  ring  gear  and  pinion  will 
eventually  need  replacing.  The  manufacturer's 


specifications  and  instructions  Should  be 
consulted,  itudied,  and  ^followed  for  any 
4:djustment;  - 

Tire  noises  m^y  be  mistaken  for  differential 
noises.  Tire  noises  vaiy  according  to  the  type  of 
pavement  ilie  tires  are  on  while  differential  noise 
will  not.  To  determine  whether  the^Tioise  is 
caused  by  tire  or  differential,  drive  the  vehicle 
over  several  types  of  pavement.  If  the  noise  ' 
changes  with  the  type  of  pavement,  tires  are  the 
cause: 

A  noise  that  is,  present  in  the  differentiaK 
only  when  the  vehicle  is  rounding  a  corner  is 
usually  caused  by  trouble  in  the  differfe'ntial  case 
a^mbly.  The  differential  pinion  gears  may  be 
too  tight  da  their  trunnions,  or  the  differential 
side  gears  may  be  tight.  Damaged  or  worn  gears 
can  produce  a  noise  when  the  vehicle  turns.  If 
bearings  or  gears  are  damaged,  a  knocking  noise 
can  result:.       '  N  . 

DRIVE  AXLE  ASSEMBLIES 

The  drive  axle  conveys  the  torque  power 
from  the  differential  to  the  wheel.  It  is  made  of- 
steel  and  is  solid  in  construction.  Most  aviation 
support  equipment  has  full-floating  drive  axles 
(fig.  10-37).  The  wheel  fits  over  the'end  of  the 
axle  housing,  and  the  weight  is  carried  by  two 
roller  bearings  between  the  wheel  and  the  axle  ^ 
housing.  The  outer  epd  of  the  axle  has  a  flange 
that  bolts  to  the  wheel.  Thus  the  axle  goes, 
through  the  axle  housing  and  wheel  and  applies 
turning  power  to  the  outside  of  the  wheel..  The 
wheel  is  held  on  the  axle  housing  by  adjustment 
nuts  (fig.  10-38).  The  wheel  hub,  roller  bearings, 
and  axle  shaft  are.  lubricated  by  the  saraer  grease 
that  lubricates  the  differential.  The  axle  can  be 
removed  by  removing  the  flange  bolts,  breaking 
the  flange  seal,  a  id  pulling  the  axle  from  the 
housing.  This  can  be  done  without  removing  the 
wheel.  When  replacing  an  axle,  the  proper  size 
and  thickness  of  gasket  should  be  used  as' 
specified  in  the  manufacturer's  instructions. 

Some  aviation  support  equipments,  sue- 
tow  tractors,  have  rejir  axle  planetary  gearfi 
the  wheel  end  of  the  axle.  These  geii's  furthei 
reduce  the  power  between  the  axlv:  and  the 
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Figure  10-37,— Cross  section  of  rear  hub  In  full 
.  floating  axle. 


wheel.  Tlie  axle  has  a  gear  on  the  outer  end 
which  turns  tliree  planetary  pinion  gears;  thes^e 
turn  an  internal,  ring  gear  bolted  to  the  wheel. 
This  system  is  all  lubricated  by  the  same  grease 
that  lubricates  the  differential.  For  adjustment 
and  servicing  consult  the  manufacturer's 
instructions.  • 
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Figure  10-38. -Bearing  mounting  and  adjustnient  nuts 
of  full'floating  construction. 


SAFETY 

While  clutches,  transmissions,  propeller  shaft 
assemblies,  differentials,  or  rear  axle  assemblies 
are  not  usually  dangerous  to  work  on  or  service, 
all  ^safety  precautions  related  to  mechanical 
work  must  be  followed  by  every  ASM,to  prevent 
injury.  These  assemblies  are  heavy  when 
removed  as  units,  and  the  simple 'dropping  of 
bne  of  them  can  cause  a  brokeafoot. 

In  addition  to  the  usual  safety  precautions, 
it  should  be  reemphasized  that  proper  blocking 
of  the  vehicle  being  worked  on  is  always  a  safe 
practice.  r 

Tn  addition,  when  one  end  of  a  vehicle  is 
raised  from  the  ground,  a  minimum  of  two  , 
safety  stands  should  be  used  in  place  of-the  jack 
or  lifting  device  that  was  used  to  raise  the 
vehicle.  It  is  never  a  safe  practice  to  be  under  a 
vehicle  when  it  is  held  off  the  ground  only  by 
lifting  devices. 
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HARDWARE,  FUJELS,  LUBRICANTS,  AND 
HYDRAULIC  FLUIDS 


Hardware  and  petroleum  products  have 
always  been  important  to  modem  military 
operations.  These  products  are  no  less  important 
to  the  ASM.  This  chapter  covers  these  products, 
as  related  to  aviation  support  equipment. 


HARDWARE 

Because  of  the  small  size  of  most  hardware 
items,  such  as  seals,  packings,  bolts,  safety  wire, 
and  other  hardware,  their  importance  is  often 
oyeriooked-  Hcwe\*er,  the  safe  and  efficient 
operation  of  any  ground  support  equipment  is 
greatly  dependent  upon  correct  selection  and 
'use  of  this  hard warg. 

SEALS 

J, 

Seals  are  used  throughout  the  systems  of 
ground  support  equipment  to  minimize  leakage 
of  fluids  and  gases.  Seals  may  Be  made  up  of 
packings  or  gaskets.  Packings  are  usually  in  the 
'  shape  of  O-rings  or  other  shapes,  for  use  on 
sliding  or  moving  assemblies,  and  gasket?^  are 
seals  between  nonmoving  fittings  and  bosses  on 
support  equipment. 

O-rings  {' 

Most  O-rings  used  in  support  equipment 
installations  are  made  of  synthetic  rubber.  They 
are  used  in  units  that  contain  moving  parts,  such 
as  actuating  cylinders,  selector  valves,  etc. 

The  0-ring  packing  seals  effectively:-in  both, 
directions.   This  sealing  is  accomplished  by 
distortion  of  its  elastic  compound.  Figure  11-1 
(A)  shows  an  O-ring  of  the  proper  size  installed' 
in  a  grooved  seat.  Notite  thrt  the  clearance  for 


(B) 


Figure  11-1.— O-rings  properly  installed. 


194.71 


the  Onring  is  less  than  its  free  outer  diametej. 
The  cross  section  of  the  O-ring  is  squeezed  out 
of  round  prior  to  the  application  of  pj^ssure.  In 
this  manner,  contabt  is  ensured  with  the  inner 
and  outer  walls  of  the  passage  under  static  (no 
pressRrc)  conditipns. 

^•Figure  ll-l(B)  shows  the  action  of  the 
b-ring-when  pressure  is  applied.  It  should  also  be 
noted,  in  figure  1 1-1,  that  backup  rings.are  not 
ins  tall  eds  In  hydraulic  systems  where 
coniponents  are  subjected  to  1,500  psi  and 
below,  AN6227,  '  AN6230,  and  MS28775 
packings  are  used.  In  such  installations,  backup 
rings  are  not  required  although  aesirable.  In 
systems  with  pressures  up  to  3,000  psi,  backup 
rings  are  used  in  conjunction  with  the  packings. 
\  ■  ■    *>  - 

O-ring  Identification 

\.  •    -  «•  ' 

0-rin^\  are  manufactured  according  to 
Military  Specifications  and  can  be  best  identified 
from  the  technical  information  printed  on  the 
O-ring  package.  (See  fig.  11-20  The  size  cannot 
be  positiv^ly^  identified  by  visual  examination 
without  the  use  of  fecial  equipment.  For  this 
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K25330-8W-749U 
PACKING  PREFORWED  SYN.  RUBBER 
I  EACH  (MS28778-5) 
DISC -38329 
A-5/70  '  . 

SR  8tO-B-90 

MFD.  DATE  4-70  CURE  DATE  2Q70 
STILLMAN  RUBBER  C0.'(MF6R/CONTR) 
MIL-6-55I0A 


1.  Stock  number. 

2.  Nomenclature. 

3.  Part  number. 

4.  Contract  number. 

5.  Preservation. 


6.  Rubber  composition 
"  •  number. 
'  7.  Date  of  manufacture 
^  and  cure  date.  ^ 

8.  Manufacturer. 

9.  Military  specification 
number. 

194.72 


Figure  1  V2.-^-ring  package  identification. 

reason,  Orings  are  made  available  in  individual 
hermetically  sealed  envelopes  labeled  with  all 
^fteTOcessary  data  .  It  is^recommended  th  at  they^ 
,be  procured  and  stored  in  tbese.  envelopes.  ^ 

'  \ 

NOTE:  Colored  dots,  dashes,  and  stripes  or 
combinations  of  dots  and  dashes  'on  the  surface- 
of    the    O-ring    are    no    longer    used  for 
identification  of  this  type  seal. 

.  .Figure  11-2  shows  the  Information  printed 
on  the  O-ring  packages,  essential  to  determine 
the    intended-  use, :  qualifications,   and  agp 
Kmitations.  The  manufacturer's  cure  date  is  one 
of  the  mofe  importiant  printed  items  listed  on 
the  package.'  This  cjire  date  is 'denoted  in 
quarters.  For  example,  the  i^cure  date  2Q71  , 
indicates  that  the  O-ring  was  manufactured  ^ 
during  the  second  quarter  of  1971.  Synthetic 
rubber  parts  manufactured  dulfing  any.  given 
quarter  are  not 'considered  one  quarter.old  until 
the  end  of  the  succeeding  quarter.  Most  O-ring, 
a^  limitation  is  determined  by  tliis  cure  date, 
anticipated    service^  life,    and  replacement 
schedule.  .       j  .' 

Age  limitation  of  synthetic  rubber  0-rings  is 
based  on  the  fact  that  the  material  deteriorates 
with  age.  O-ring  age  is  computed  from  the  cure 
date.  The  term  cure  date  is  used  in  conjunction 
with  replacement  kits::;  which  contain  O-rings, 


T 

parts,  and  hardware*  for  shop  repair  of  various 
components.  O-rir^cure  dates  also  provide  the  . 
bases  for  O-ring  replacement  schedules,  which^ 
are  determined  by  O-ring  service  life^  The  service 
life  (estimated  time' of  trouble-free  service),  of 
0-rings  also  depends  upon  such  conditions  ^s 
use,  exposure  to  certaip  elements,  both  natural 
and  Imposed,  and  subjection  to  physical  stress. 
Operational  conditions  imposed  on  0-ring3  in 
one  component  may  necessitate  O-ring 
replacement  morQ  frequently  than  replacement 
of  identical  0-rings  in  other  components. 
Therefore,  it  is  necessary  to  adhere  to  the 
recommended  replacement  schedule  for  each 
individual  component.  The  age  of  0-rings  in  a 
spare  jjart  is  determined  from  the  assembly  date 
recorded  on  the  service  or  identification  plate 
and/or  on  'the  exterior^  of  the  container.  All 
O-ring^  over  24  months  old  should  be  replaced 
or,  if  nearing  their  age  liiilif  (24.months),  should 
not  be  used  for  replacement. 

O-ring  Storage 

Proper  storage  practices  must  be  observed  to 
"prevent  deformation  and  deterioration  of  rubber 
0-rings.  Most  synthetic  rubbers  are  not  daynaged 
by  several  -  years  of  storage  under  ideal 
conditions.  However,  most  synthetic  rubbers 
deteriorate  when  exposed' to  heat,  light,  .oil, 
grease,  fuels,  solvents,  thinners,  moisture,  strong 
drafts,  or  ozone  (fprm  of  oxygen  formed  from 
electrical  discharge).  Damage  by  exposure  is 
magnified  when  rubber  is  under  tension, 
compression,  or  stress.  There  are  several 
.conditions  to  be  avoided,  including^  the  fol- 
lowing: 

1.  ■^•Deformation  as  a  result  of  impropex 
stacking  of  parts  and  storage  containers.  • 

2.  .^Creasing 'caused  by  a  force  applied  to 
corners  and  edges,  and  by  squeezing  between 
boxes  and  storage  containers. 

3.  Compression  and  flattening,  as  a  result 
of  storage  under  heavy  parts. 

4.  ^  Punctures  caused  by  staples  used  to 
attach  identification. 

5.  Deformation  and  contamination  due _to 
hanging  the  O-ring^  from  nails  or  pegs.  0-rings 
should  be  kept  in  their  original  envelopes,  which 
provide  preservation,  protection,  identification, 
and  cure  dfate. 
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6.  Contamination  by  piercing  the  sealed 
envelopes  to  store  O-rings  on  rods,  nails,  or  wire 
handling  devices.  1 

7.  Contamination  by  fluids  leaking  from 
parts  stored  above  and  adjacent  to  0-ring 
surfaces. 

8.  Contamination  caused  by  adhesive  tapes 
applied  directly  to  0-ring  surfaces.  A  torn  0-ring 

"package  should  be  secured  with  a 
pressure-sensitive j  moisture-proof  tape,  but  the 
tape  must  not  contact  the  0-ring  surfaces. 

9.  Retention  of  overage  j)arts  as  a  result  of 
improper    storage    arrangement    or  illegible 

.  identification.  0-rihgs  should  be  arranged  so  the 
older  seals  are  used  first. 

Oning  Removal  and 
Installation 

The  successful  operation  of  a  hydraulic 
system,  and  the  units  within  depends  gieatly 


upon  the  methods  and  procedures  used  in 
handling  and  installing  hydraulic  seals.  ThesQ, 
seals  are  comparatively  soft  and  should  not  be 
subjected  to  any  nicks,  scratches,  or  dents.'They 
should  be  kept  free  of  dirt  and  foreign  matter 
and  should  not  be  exposed  to  extreme  weaker 
conditions.  When  hydraulic,  seals  are  chosen  for 
installation,  they  should  not  be  picked  up  withl 
sharp  instruments,  and  the  preservative  should 
not  be  removed  until  they  are  ready  for 
installation. 

During  the  installation  or  removal  of 
hydraulic  seals-,  as  well  as  othfer  tasks,  an  ASM's 
best  friend  is  the  correct  tool.  A  variety  of  these 
tools  may  be  used  on  any  given  job.  Suggestions 
for  fabricating  topical  tools  for  use  in  replacing 
and  installing  0-rings  and  backup  ring?  are  . 
shown  in  figure  11-3.  These  tools  should  be 
fabricated  from  soft  metal  such  as  brass  and 
aluminum;  however,  tools  made  from  phenolic 
rod,  plastics,  and  wood  may  also  be  usejd. 
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Figure  11-3. -Typical  0-ring  installation  and  removalWli. 
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*  ■ 

When  removing  or  installing  0-rings,  avoid 
using  pointed  or  sharp-edged  tools  >\4iich  might 
cause  scratching  or.  marring  of  hydraulic 
component  surfaces  or  cause  damage  to  ,  the 
0-iing3.  While  using  the  seal  removal  and 
installation  tools,  coiHact  with  cylinder  walls, 
'  piston  heads,  and^related  precision  components 
4s  not  desirable.  With  practice,  the,  ASM  should 
become  proficient  in  u^ing  these  toots. 

Notice  in  figure  1 1-4(A)  how  the  hook-type 
removal  tool  .is  positioned  under  the  Oring  and 
then  lifted  to  dlow  the  extractor  tools,  as  well 
as  the  'removal  tools,  to  pull  the  0-ring  from  its 
cavity.  View  (B)  shows  the  use  of  another  type  " 
of  extractor  tool  in  -the  removal  of  internally 
in$talled  O-ringis. 

view  (C),  notice  the  extractor   tool  . 
itioned  under  both  0-rings  at  the  same  time, 
method  of  manipulating  Jhe  tool  positions 
bom-O-ring?,  allpwing  the  hook-type  removal 
topi  to  extract  both*'0-ring?  witii  minimum 
eftort.  View  (D)  shows  practically  the  same 
amoval  as  view  (C),  except  for  the.  use  of  a 
Afferent  type 'of  extractor  tool. 

The  removal  of  external  Orings  is  less 
jifficult  than  the  removal* of  internally  installed 
-rings.   Views  ,(E)  .and   (F)  illustrate  two 
icce^ted  removal  methods.  View  (E).  shows  the 
'^Cw  'ise    C)f   a   spoon-type   extractor,    >^1iich   is  • 
)ositioned  undef  the  seal.  After  the  0-ring  is 
/dislodged  from  its  cavity,  the  spoon  is.  held 
/stationary  while,  sirnultanebusly:  rotating  and 
fvvithdrawing  the  piston*  View  (F)  installation  is 
similar  to  view  (E),  except  only  one  0-ring  is 
installed,  and  a  different  type  of  .extractor  tool 
is   used.   The   wedge-type  extractor  tool  is 
inserted  beneath  the  0-ring;  ^the '  hook-type 
removal  tool  hooks  the  0-ring.  A'sli^t  pull.dn 
the  latter  tool  removes  the  0-ring  from. its 
cavity. 

After  the.  removal  of  all  0-ring?,  cleaning  of 
{ the  affected  parts  which  will  receive  newO-rin^ 
is  mandatory.  Ensure  that  the  area  used  for  such 
installations  is  clean,  and  free  Yrpm^  all 
contamination.  Each  0-ring  to.  Be  replaced 
should  be  removed  from  its  sealed  package  and 
inspected:  for  .defects  su6h  as  blemishes, 
abrasions^  cuts,  or  punctures.  .  Althou^  an 
.  0-ring  may  appear  perfect  at  first  glance,  slight 


surface  flaws  may  exist.  These  are  often  capable 
of  preventing  satisfactory  O-riiig  performance 
under  the  variable  operating  pressures  of 
hydraulic  systems.  0-rings  should  be  rejected  for 
flaws  that  will  affect  their  performance. 

By  rolling  the  ring  on  ai)  ^inspeQtion  tjone  or 
dowel,  the  inner  diahieter* surface  can  also  be 
checked  for  small  cracks,  particles  of  foreign 
matter,  and  other  irregularities  that  would  cause 
leakage  or  shorten  the  life  of  0-ring?.  The  sli^t 
stretching  of  the  ring  when  it  is  rolled  inside' out 
'  will  help  to  reveal  some  defects  not  otherwise 
visible.  . 

A  further  check  of  each  0-ring  should  be  . 
made  by  stretching  it  between  the  fingers,  but 
cafe  must  be  taken  not  to  exceed  the  elastic 
limits  of  the  rubber.  Following  these  inspection 
procedures  will  prove  to  be  a  maintenance 
economy.  It  is  far  more  desirable  to  take  care 
when  identifying  and  inspecting  O-ring?  than  to 
repeatedly  repa/r  components  because  of  faulty 
seals.  . 

After  inspection  and  prior  to  installation, 
immerse  the  0-ring  in  clean  hydraulic  fluid  of 
the  type'  which  is[  compatible ..  with  the  seal. 
During  the  installation,  avoid  rolling  and 
twisting  the  0-ring  tb^ maneuver  it  into  place.  If 
possible,  keep  the  position  of-the  0-ring's  mold 
line  constant.  When  the  ^0-ring'  installation 
requires  spanning  or  inserting  throu^  sharp 
threaded  areas,  ridges,  «slots,  and  edge"?,  u^e. 
protective  measures,  such  as  ^P-ring  entering 
sleeves  as  Shown-  in  figure  i.l-S(A).  If  the 
recommended  0-ring  entering  sleeve*.'  (soft 
thin-wall  metallic  sJeeve)  is  not  availabL?,  paper 
'  sleeves  and  coyers  may  be  fabricated  by  using 
the  seal  package  .(gloss  side  out)  or  Unt-free 
bond  paper.  (See^fi'g.  1  l-i(B)  andl(C).) 

-  •     Adhesive  tapes  should  not  be  usgd  to  cover 
.  danger  areas  on  componehts.  Gummy  substances 
left  by  the  adhesives  are  extremely  detrimental 
^  to  hydraulic  systems. 

>  After  the  0-ring  is  placed  in*  the  cavity 
provided,  gently  roll , the  O-ring  with  the  fingers 
to  remove  any  twist  that  might  have  occurred 
during  installation. 
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Figure  11-4.-0-rMig  removal, 

322^  •"' 


328 


Chapter  11 -HARDWARE,  FUELS,  LUBRICANTS,  AND  HYDRAULIC  FLUIDS 


INTERNAL  O  RING  INSTAUATION  INnRNAl  a-RtNG.INSTAUATION  ^ 

(USING  MHAllK  SIEEVE  TO  AVOH)  0-UNG  (USING  PAPtl  nn»IN&''SlEm  TO  aVOID  O  RING 
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FROM  SHARP  EOGES      THREAOSI  '  • 

f 
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Figure  11-5.— O-ring  initallation. 
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GASKETS 


Gaskets  are  useif^as  static  or  stationary  seals. 
Their  principal  use  in  a  fluid  system  is  around 
end  caps  of^  cylindexs,  valves,  and  other  units. 
Gaskets  must  \,not  be  compressed  against 
irre|iilar;or  rough  surfaces  that  could  cut  or 
damage  thera:-To.do  so*can  destroy  the  scaling 
quality  of  the  gasket.  Since  it  is  not  possible  to 
have  the  matching  surfaces  of  the  cylinder  block 
..and  cylinder  head  of  an  engine  smooth  enough 
to  make  a  gastight  fit,.ii  gasket  is  used  that  is 
able  to  withstand  the  pressure  and  heat 
deveioi>ed  by  the  cylinders.  The  gaskets  (Rg. 
1 1-6)  that  serve  as  seals  between  engine  parts^in 
assembly  iequire  as  much  attention  -during 
assembly  as  any  other  part.  It  is  impratctical  to 
machine  all  surfaces.so  that  they  fit  togetlier  to 
form  a  perfect  seal.  The  gaskets  make  a  joint 
tliat  is  air,  water,  or  oil  tight;  therefore,  when 
properly  installed,  they  prevent  .Joss  of 
compression,  coolant,  or  lubricant. 

The  CYLINDER  HEAD  GASKET  is  placed 
between  the  cylinder  head  and  engine  block  to 
maintain  a  gas-  and  coolant-tiglit  seal.  These 
gaskets  may  be  rnetal  sheets  soft*  enou^  to 
deform  as  required,  but  they  are  Usually  made  in 
the  form  of  two  thin  plates  of  soft  metal  with 
asbestos  filling  between  them.  Holes  are 
punched  in  the  gasket  to  conform  with  the 
openings  in  the  headland  block,  which? allows 
the  cooling  water  to  circulate.  If  a  pooriy  made 
or  improper  gasket  is  used^  the  flow  of  cooling 
water  may  be  restricted^  causing  troublesome 
hot  spots. 

On  some  engines,  especially  Vrtype,  the 
gaskets  are  so  nearly  uniform  that  they  can  be 
turned  upside  down  or  end  for  end  and  still  fit 
the  retaining  studs  and  combustion  chambers.-lT 
they  are  improperiy  installed,  however,  they  will 
stop  water  circulation  at  some  parts  Of  the 
en^nlx  It  is  important  to  make  sure  that  tlie 
corrcct  gasket  i§  used  ar|d  that  it  is  correctly 
installed. 

Tlie  INTAKE  AND  EXHAUST  MANIFOLD 
GASKETS  are  usually  made  from  asbestos 
formed  to  the  desired  shape.  Some  of  them  are 
metal  covered  asbestos  similar  in  construction  to 
a  head  gasket.  Because  of  the  heat  of  the 
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igure  11-6.— Engine  overhaur  gasket, kit. 


exhaust  and  intake  air,  it  is  necessary  that 
manifold  gaskets  be  made  .from  a  material  that 
will  not  bum. 

The  OIL  PAN  GASKET  is  generally  made 
from  pressed  cork.  It  may  be  .made  in  one  piece 
but  more  often  it  is  made  in  two  pieces:  one 
piece  for  each  side  of  the  pan.  Each  end  of  the 
pan  is '  sealed,  with  cork  or  neoprene  gasket 
material. 

The  otlier  gaskets  for  an  engine  are  usudly 
cut  from  pressed  paper  that  is  oil  resistant.  The 
thickness,  of  the  paper  varies  in  accordance  with 
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manufacturer's  recommendations. "  'Often,  the 
gaskets'  used  ^vill  create  Speci(ied  clearances 
between. movii\g  parts  of  an  engine. 

.  Wheii  installing  any  gasket  in  an  engine,  it  is 
importajit  that  the  surfaces  to  be  scaled  be  clean 
and  free  from  gi^t  and  parts  of  the  old  gasket.  A 
putty  knife  is  useful  for  cleaning  gasket  surfaces. 
You  niust  be  sure  the  gasket  is  in  the  propej 
position  and  does  not  slip  when  the  two  parfe 
are  brought  together.  Heavy  grease  or  a  gasket 
compound  will  help  you  make  sure  the  gaskets 
stay  in  place  and  form  a  good  seal. 

'The  ASM  should  refer  to  FLUID  POWER, 
NAVPERS  16193  (Series)  and  the  latest 
applicable  maintenance  manual  for  further 
l^rcferences  to  seals  and  gaskets. 

BOLTS 

Many  types  of  bolts  are  used  on  support 
-equipment,  ^d  -each  ^ty^  is  used  to  fasten 
something  in  place.  However,  before  discussing 
some  of  these  types,  it  might  be.  helpful  at  this 
point  to  list  and  explain  some  commonly  used 
bolt  terms.  The  ASM  should  know  the  names  of 
bolt  parts.  He  should  also  be  aware  of  the  bolt 
dimensions  that  must  be  considered  in  selecting 
a  bolt.  Figure  11-7  illustrates  both  types  of 
information. 

The  three  principal  parts  of  a  bolt  are  the 
HEAD,  THREAD,  and  GRIP.  It  is  possible  that 
two  of  these  parts  are  well  known,  but  perhaps 
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Figure  j1-7.-Bolt  terms  and  dimensions.  . 


the  "grip"  is  an  unfamiliar  term.  If  so,  notice 
that  the  grip  is  th^  unthreaded  part  of  the  bolt 
shaft^and  that  it  extends  from  the  threads  to  the 
bolfhead.  The  head  is  the  larger  diameter  of  the 
bolt  and  may  be  one  of  many  shapes  or  designs. 
The  head  retains  the  bolt  in  place  in  one 
direction,  and  the  nut  -used  on  the  threads 
retains  it  in  the  other  direction, 
^i"'^  In  order  to  choose  the  correct  replacement 
.  for    an    unserviceable    bolt,    several  bolt 
dimensions  must  be  considered,  one  being  the 
length  of  the  bolt.  As  shown  in  figure  1 1-7,  the 
bolt  length  is  the  distance  from  the-tip  of  the 
threaded  end  to  the  head  of  the  bolt.  .Correct 
'  length  selectipn  is  indicated  when  the  chosen 
bolt  extends  through  the  nut  at  least  1/32  inch 
in  the  case  of  flat-end  bolts  (fig.  1 1-7)  or  in  the 
case  of  chamfered  (rounded)  end  bolts,  at  least 
one  full  chamfer  Should  extend  through  the  nut. 
If  the  bolt  is  too  short,  it  may  not  extend  out  of 
the  bolthole-  far  enou^  for  -the  A;ir  to- be- 
securely  fastened.  If  it  is  too  long,  ij  li  uy  extend 
so  far  that  it  interferes  with  the  movement  of 
nearby  parts.  Unnecessarily  long  bolts,  especially 
in  number?  can  affect  weight  and  balance  and 
duce  tht  i.ayload  capacity. 
In  addition,  if  a  bolt  is  too  long  or  too  short, 
its  grip  will  usually  be  the  wrong  length.  As 
shown  in  figure  1 1-8,  grip  length  should  be 
approximately  the  same  as  the  thickness  of  the 
material  to  be  fastened.  If  the  grip  is  too  short, 
,  the  threads  of  tlie  bolt  will  extend  into  the 
bolthole  and  may  act  like  a  reamer  when  the 
material  is  vibrating.  To  prevent  this,  make 
certain^ that  no  more  than  two  threads  extend 
into  the  bolthole*  Also  make  certain  that  any 
threads  that  entei'the  bolthole  extend  only  into 
the  thicker  member  that  is  being  fastened.  If  the^ 
grip  is  too  long,  the  nut  will  run  out  of  threads 
before  it  ^an  be  tightened.  In  this  event  a  bolt 
with  a  shorter  grip  should  be  used,  orif  tlie  bolt 
grip  extends  only  a  short  distance  throui'h  the 
hole,  a  washer  may  be  used. 

A  second  bolt  dimension  that  must  be 
considered  is  diameter.  As  shown  in  figure  1 1-7 
.the  diameter  of  the  bolt  is  the  thickness  of  its 
shaft.  If  tliis  thickness  is  1/4  inch  or  more,  tlic 
bolt  diameter  is  usually  given  in  such  fractions 
of  an  inch  as  1/4,  5/16,7/16,  1/2,  and  the  like. 
However,  if  the  bolt  is  less  than  1/4  inch  thick, 
.  tlic  diameter  is  usually  expressed  as  a  whole 
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Figure  11-8.— Correct  and  incorrect  grip  lengths. 


number.  For  instance,  a  bolt  "that  is  0.190  inch 
in  diameter  is  called  a  No.  10  bolt,  while  a  bolt 
that  is  0.164  inch  in  diameterMs  called  a  No.  8. 
^   •  '    i  - 

The  results  of  using  a  wrong-diameter  bolt 
should  be  obvious.  If  the  bolt  is  too"  big,  it 
cannot  of  course  enter  the  bolthole,  If  the 
diameter  is  too  small,  the  bolt  has  too  much  ; 
play  in  the  bolthole,  and  the  chances  are  that  it 
is  not.as  strong  as  the  correct  size  of  bolt. 

The  third  and  forth  bolt  dimensions  that 
should  be  considered  when  choosing  a  bolt 
replacement  are  head  thickness  and  width.  . If.  the 
head  is  too  thin  or  too  narrow,  it -may  notice 
strong  enough  to  bear  the  load  imposed  on  it.  If 
tjhe  head  is  too  thick  or  too  wide,  it  may  extend 
so  far  that  it  interferes  with »tfle  movement  of 
adjacent  equipment  comporie^fs.  ,  . 

Boltheads         •  '  . 

The  most  common  type  of  head  is  the  hex 
head,  ^hown  ih  figure  11-7.  This  type^of  head 
may  be  thick  for  greater  strength  or  relatively 
thin  in  order  to  fit  in "  places  having  limited* 
clearances.  In  addition,  the  head  may  be 
common  or  drilled.  A  hex  head  bolt  may  have  a 
single  hole  drilled  through  it  between  two  of  the 
sides  of  the  hexagon  and  still  be  classed  as  a 
common.  The  drilled  head  hex  bolt  has  three 
holes  drilled  in  the  head,  connecting  opposite 
side's  of  the  hex.  •  \ 

Four  additional  types  of  boltheads  are 
sho.wn  in  figure  1 1-9:  ^otice  that  panel  A  shows 
an  eyebolt,  often  used  in  mechanical  control  , 
systems.  Panel  B  shov/s  a  countersunk  head, 
close  .tolerance  bolt.  Pari^l  C  shows  an  internal 
wrenching  bolt.  Both  the  Countersunk  head  bolt 
and  the  internal  wrenching'bpltsrhave. hexagonal 
recesses  (six-sided  holes)  in  tneir  lieads.  They  are 
tiglitened  and  loosened  by  Use  of  appropriate 
size  Allen  wrenches.  Panel  D  shows  a  clevis  bolt 
with  ,  its  characteristic  round  head.  This  head 
may  be  slotted,  as  shown,  to  receive  a  common 
screwdriver  or  recessed  to  receive  a  Reed  and 
Prince  or  a  Phillips  screwdriver. 

Bolt  Threads 

Another  structural  feature  in  which  bolts 
may  differ  is  threads.  These  usually  come  in  one 
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(C) 


CLOSE  TOLERANCE  BOLT 


INTERNAL  WRENCHING  BOLT 


(0) 


Si 


Bolt  Material 

The  type  of  metal  used  in  a  bolt  helps  to 
determine  its  strength  and  its  resistanee  to 
coirpsion.  Tlierefore,  make  certain  that  material 
is  considered  in  the  selection  of  replacement 
bolts.  Some  bolts  have  distinctive  head  markings 
that  help  to  identify  the  material  from  which 
they  are  manufactured.  In  certain'  cases, 
mJvnufacturers  are  compelled  to  make  bolts  of 
diffei^ent  dimensions  or  greater  strength  than  the 
standard  types.  Such  bolts  are  made  for  a 
particular  application,  '^nd  it  is  of  extreme 
importance,  that  like  bolts  .  are  used  in 
replacement.  Such  special  bolts  are  usually 
identified  by  the  letter  S  stamped  on  the  head.' 
Figure  11-10  shows  the  tops  of  several  hex-bolt 
heads,  each  marked  to  indicate  the  type  of  bolt 
material. 

 .Unless  . current-  directiyes^spei:ify_  otherwise, - 

every, unserviceable  bolt  should  be  replaced  with 
a  bolt  of  the  same  type.  Of  course,  substitute 
and  iriterchangeable  items  are  sometimes 
available,  but  the  ideal  fix  is  a  bolt-for-bolt 
replacement.  The  part  number  of  a  needed  bolt 
may  oq  obtained  by  referring  to  the  Illustrated 
Parts  Breakdown  (IPB)  for  the  equipment 
concerned. 

Safety  Wire 


CLEVIS  BOLT 


Figure  1 1-9.-Boltheads. 
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of  the  two  types— coarse  or  fine,  and  the  two 
not  interchangeable.  For  any  given  size  of  b.  ,i 
thcfc  are  a  different  number  of  coarse  and  fine 
tlireads  per  inch.*  For  instance,  consider  the 
1/4-inch  bolts.  Some  are  called  1/4-28  bolts, 
because  they  have  28  fine  threads  per  inch. 
Others  have  only  20  coarse  threads  per  inch  and 
are  called  1/4-20  bolts.  To  force  one  size  of 
threads  into  ajiother  size,  even  though  both  are 
1/4- inch,  will  strip  the  finer  threads  or  softer  \ 
q^^hl.  The  same  thing  is  true  concerning  the 
other  sizes  "of  bolts;  therefore,  make  certain  that 
bolts  selected  have  the  correct  type  of  threads. 


Safety  wire  Is  available  in  many  different 
types  and  sizesi  One  must  first  select  the  correct 
type  and  size  wire  for  the  particular  job.  Many 
of  the  nuts,  except  the  self4ocking  types,  and 
boltheads  on  support  equipment  itiust  bD 
safeticd,  the  method  used  depending  upon  the 
particular  installation.  Figure  11-11  illustrated 
the  correct  metliods  of  installing  safety  wire. 
Tlie  following  general  rules  apply  to  safety 
wiring: 

K  All  safety  wire  must  be  tiglit  after 
installation,  but  not  under  so  much  tension  that 
normal  handling  or  vibration  will  break  the  wire. 

2.  The  wire  must  \y:  jr/plied  so  that  all  pull 
exerted'  by  the  wire  tends  to  lighten  the  nut  or 
bolt. 

3.  Twists  should  be  tight  and  even  and  the 
wire  between,  nuts  as  taut  as  possible  without 
overtwisting:  Wire-twister  pliers  should  be  used 
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HEAD  MARKINGS 


STEEL 

CLOSE 
TOLERANCE 
025,000  TO 
I45,000A.S.I) 


ALUMINUM 
ALLOY 
(62,000 
RS.I.) 


CORROSION 
RESISTANT 

STEEL 
(125,000 

-  RS.I.) 


STEEL 
(125,000 
RS.I.) 


STEEL  ^ 
(160,000  TO 
180,000 
RS.I.  ) 


Figure  11-10.— Bolthead  markings. 
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CASTLE  NUT 


SAFETY  METHODS  SHOWN  ARE  FOR 
RIGHT  HAND  THREADS.  i.EFT  HAND  OPPOSITE. 


SAFS7Y  WIRE  OVER  HEAD 


SAFETY  WIRE  AROUND  HEAD 


Figure  11-11.— Safety  wire  installation. 
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if  available;  otherwise,  wire  between  nuts  should 
be  t^^tcd  with  ^XKe'liandsr  The  use  of  regular 
pliei^HSIl  damage  the  wire.  Regular  pliers  may 
be  uJwonly  for  tlnal  end  twist  prior  to  cutting 
off  the  excess  wire.  , 


MISCELLANEOUS  HARDWARE 

The  ASM  should,  become  familiar  with  other 
miscellaneous  .  hardware  for  ground  Support 
equipment.  He  should  be  aware  of  their  purpose 
in  performing  the  proper  maintenance  of  ground 
support  equipment. 


Cotter  Pins 

.  Cotter  pins  are  used  to  secure  bolts,  screws, 
nuts,  and  pins.  Some  cotter  pins  are  made  of 
low-carbon  steel,  while  others  consist  of  stainless 
steel  and  thus  arp  more^ resistant  to  corrosion.  In 
addition,  stainless  steel  cotter  pins  may;  be  used 
in  locations  where  nonmagnetic"  material  is 
required.  Regardless  of  shape  or  material,  all 
cotter  pins  are  used  for  the  same,  general 
purpose-satetying.  Figure  11-12  shows  three 
types  of  cotter  pins  and  how  their  size"  is- 
determined. 

NOTE:  Whenever  uneven  prong  cotter  pins 
are  used,  the  length  measurement  is  to  the  end 
of  the  shortest  prong.     ,  -  . 
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203.13 


Figure  11-12. -Types  of  cotter  pins. 
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Clamps 


The    clamps    used    on    ground  support 
equipment  are  used  to  prevent  lines,  from 
chafing  on  other  parts  of  the  equipment.  They 
are   also   used   to  fasten   or  support  other' 
components  mounted  on  the  equipment. 

Two  -ty'pes  of  clamps  and  tWr  uses  in 
supporting  flexible  and  rigid  lines  can  be  seen  in 
figure  11-13.  These  clamps  may  differ  in 
purpose  in  that  one  clamp  is  designed  with  a 
rubber  or  *  teflon  cushion  for  low-range 
-temperatures,  and  the  otli^r  has  an  asbestos 
cushion  for  high  temperatures. 

Support  clamps  should  be  inspected  for 
deterioration  of  the  cushion  material,  to  prevent 
the  metal  part  of  the  clamps  from  cutting  or 
chafing  the  supported  lines-  or  hoses.  The  ASM 
should  choose  a  clamp  of  the  correct  size  and 
heat  range  and  ensure  that  it  is ,  in  good 
c'ondition  for.  installation.  Figure  11-14 
illustrates  six  ways  to  secure  lines  and  hdses  to 
each  other  with  support  clamps  to  maintain  line 
clearances  and  prevent  chafing. 


FUELS 

Petroleum  products  have  '  always  been 
important  to  modem  military  operations.  Tlie§e 


Figure  11-13. -^amps. 


products  are  no  less  important  to  the  ASM.  This 
chapter  covers  petroleum  products  as^related  to 
aviation  support  equipment. 

J  (  Crude  oil  is  pumped  from  the  earth  in  all 
areas  gf  the  wodd.  The  Middle  East  is  the  largest 
producer  of  crude  oil  in  die  free  world.  The 
Western  Hemisphere  is  the  second  largest 
producer.  North  Africa  has  recently  become  a 
large  producer  of  crude  oil.  . 

Refining  of  crude  oil  furnishes  many  usable 
products.  Figure  11-15  illustrates  the  refining 
process  and  lists  the  results.  The  ASM  is 
interested  in  automotive  gasoline,  diesel  fuel, 
lubricating  oil  and  grease,  and  hydraulic  fluids. 

Chapters  7  and  8  of  this  training  manual 
covered  the  use  of  petroleum  products  in 
gasoline  and  diesel  engines.  Functional 
identification  tape  markings  of  rigid  metal 
tubing  appear  in  chapter  15  of  this  training' 
manual.  This  chapter  is  concerned  with  the 
characteristics  of  petroleum  products  and  their 
handling  and  treatment  before  their  use  in 
aviation  support  equipment. 

GASOLINE 

Gasoline  contains  two  important. elements 
(carbon  and  hydrogen)  in  such  proportion  that 
they  bum  freely  in  air  and  liberate  heat  energy. 
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Figure  11-14.— Securing  lines^ising  support  clamps. 


Gasoline  is  suited  to  engine  operation  because  of 
its  uniform  rate  of  burning  and  easy 
vaporization  to  give  quick  starting  in  cold 
weather.  The  major  properties  of  gasoline  that 
affect  engine'operation  are  volatility,  purity,  and  ' 
-antiknock  quality.  - 

As  applied  to  gasoline,  volatility  is  the* 
'  tendency  to  change  from  liquid  to  vapor  at  any 
given  temperature.  The  volatility  of  gasoline 
affects  ease  of  starting,  length  of  the  warmup 
period,  and  engine  performance  during  normal 
operation.  As-  the  temperature  rises  and  the 
pressure  agairist  the  surface  of  the  gasoline 
decreases,  the  rate  of  vaporization  increases. 

To  start  readily,  an  engine  must  have  a 
burnable  air-fuel  mixture  in  the  combustion 
chamber  at  the  moment  of  starting.  The  proper 
mixture  during  normal  operatihg.conditions.  is 
about  15  parts  of  air  to  1  part  of  fuel  by  weiglit, 
but  during  starting,  when  an  engine  is  cold,  some 
of  the  vaporized  fuel  condenses  and  collects  in 
tlie  intake  manifold.  More  fuel  must  be  ad(led  to - 
make  enough  fuel  available  for  staTtihg  •  and 
operation  until  the  engine  reaches  operating 


temperatures.,  Under  extremely  cold  starting 
conditions  the  air-fuel  ratio  may" be  as  low  as  1 
1/4:1  in  order  to  obtain  the  necessary  15  parts 
of  air  to  1  part  of  combustible  fuel.  The  change 
in  ratios  for  starting  is  accomplished  by,  the- 
choke  in  the  carburetor.  Starting  in  cold  weather 
can  aiso  be  aided  by  using  fuels  of  higher 
volatility.  ' 

Vapor  lock  is  a  difficulty  encountered  in 
using  higlily  volatile  fuels.  This  tendency 
increases  as  the  temperature  gots  iiotter.  A  fuel 
that  has  a  tendenc>  to  vapon^?'  at  normal 
atmospheric  temperatures  may  form  so  much 
vapor  in  the  fuel  lines  the  action  of  the 
pump  does  not  pro-zidj  a  {low  of  luel^to  the 
carburetor  but  u  Tow  of  va^or  Insulation 
between  the  luel  lines,  fud  pujnp,  and 
carburetor,  and  the  hcnt  pioducing  parts  of  the 
engine  (exhaust  manifold  and  pipe)  helps  to 
prevent  vapor  lock.  The  use  of  low  volatility 
fuels  in  hot  weatlier  is  the  best  preventive. 

In  case  it  is  necessary  to  blee4  the  fuel  line 
to  remove-  vapor  lock  or  contamination, 
disconnect  the  line  from  the  tank  at  the  fuel 
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Figure  11-15.— Flow  chart  tracing  crude  oil  from  well  to  ftniihed  products. 
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Figure  11-15,— Flow  chart  tracir.g  crude  oil  from  well  to  finished  products. 


227,67 


338 


ERIC 


AVIATIGN  SUPPORT  EQUIPMENT  TECHNICIAN  M  3  &  2 


pump.  Apply  pressure  to  the  tank  and  permit 
the  fuel  .to  flow  iritq  a  container  until  the  vapor 
lock  is  removed  or  the  contamination  has  passed 
into  the  container.  Reconnect  the, line  to  the 
inlet  side  of  the  fuel  pump.  If  the'first  attempt  is 
not  successful;  repeat  the  process* 

Another  undesirable  conditio/i  results  when' 
cold  weather  or  overchoking  leaves  excessive 
'  amounts  of  fuel  uhvaporized  in.  the  intake  and 
combustion  systems.  The  unvaporized'fuel  seeps 
by  the  valves  and  {liston  rings  into  the  crankcase 
and  lubricating  oil  diiring  starting  and  warmup. 
This  dilutes  tlje  oil  in  the  crankcase  and  reduces 
its  lubricating:rqualities.  If  the  engine  operating 
temperatures  are' high  enough,  the  gasoline  will 
be  vaporized  in  the  crankcase  and  be  withdrawn 
tltrough  the  crankcase  ventilating  system.  > 
\  When  fuel  is  .not  distributed  evenly  to  all 
'cylinder^,  the  engine  will  run  unevenly,  and 
power  output  will  decrease.  The  fuel  must  be 
2CQraple^|ely._ya]iorizMmd^  niixejd_vyitli_air.in.the„ 
manifold  before  entering  the  cylinders  to  ensure 
good  distribution.  Quick,  smooth  acceleration 
also  depends  oh  a  fully  vaporized  air-fuel 
mixture  entering  the-'combustion  chamber. 

The  refining  process  removes  many 
'  impurities  from  petroleum  before  gasoline 
suitable  for  engine  use  is  produced.  Considerable 
corrosion  at  one  time  was  caused  by  .  sulfur 
inherent  in  crude  oil,  but  modem  refining 
proce.dure  has  made  corrosion  almost  negligible. 
The  tendency  for  the  hydrocarbons  in  gasoline 
to  combine  with  the  oxygen  in  the  air  to  form 
sticky  gums  wliich  resulted  in  clogged 
carburetors,  stuck  valves,  and  other  operational 
difficulties  .was  another  problem.  Chemicals  that 
control  tlie  gumming  tendency  are  now  added  to 
the  gasoline.  Other  impurities  such  as  dirt, 
water,  grease,  and  unwanted  chemicals  must  also 
be  removed  to  make  gasoline  an  acceptable  fuel. 

Types  and  Designations 

^        '"  *'r    "  "  •  ■ 

To  better  understand  ^hat  is  meant  by  the 
antiknock  quality  of  gasoline,  let  us  first  study' 
flie'  process  of  combustion.  When  the  mixture  in 
the  combustion  chamber  of  an  engine  cylinder  is 
ignited,  the  gasoline  vapor  and  the  oxygen  in  the 
air  unite  in  a  rapid  .chemical  reaction  called 
burning.  In  buming,  the  molecules  of  the 
gasoline  and  oxygen  are -set  into  very  rapid 


motion,  and  heat  is  produced.  The  molecules 
bombard  the  walls  of  the  combustion  chamber 
and  the  piston  head.  This  bombardment  is  what 
actually  registers  the  heavy  push  on  the  piston 
and  forces  it  down  on  the  power  stroke.  The 
normal  combustion  process  goes  through  three 
stages  that  can  be  termed  formation  of  a  nucleus 
of  flame,  hatching  out,  and  propagation. 

As  soon  as  the  spark  jumps  the  gap  of  the 
sparkplug  electrodes,  a  small  ball  of  blue  flajne 
develops  in  the  gap.  This  ball  is  the  first  stage  or 
nucleus  ^of  flame.  It  enlarges  with  relative, 
slowness,  and  there  is  no  measurable  pressure 
created  by  heat  during  its  growth. 

As  the  nucleus  enlarges,  it  develops  into  the 
hatching-out  stage.  The  nucleus  is  torn  apart  . so 
that  it  sends  fingers  of  flame  into  the* mixture  in 
the  combustion  chamber.  Tliis  causes  enou^ 
heat  to  give  just  a  slight  rise  in  the  temperature 
and  pressure  in  the  entire  air-fuel  mixture.  A  lag 
5tilL exists  in- the-attempt  to  raise  the  pressupe4n  - 
'  the  entire  cylinder.  " 

It  is  during  the  propagation  stage  that 
effective  buming  occurs.  ITie  flame  now  bums 
in  a  front  which  sweeps  across  the  combustion 
chamber,  buming  rapidly  and  causing  great  heat 
and  a  rapid  rise  ih  pressure.  This  pressure  causes 
the  piston  to  move  downward.  The  buming 
during  normal  combustion  is  progressive.  It 
increases  gradually  during  the  first  two  stages, 
but  the  flame  is  extremely  strong  as  it  sweeps 
through  the  combustion  chamber  during  the 
tliird  stage.-- However,  there  is  no  violent  or 
explosive  action  such  as  when  detonation  takes 
place.  » 

If  detonation  does  take  place,  it  occurs 
during  the  third  stage  of  combustion.  Tlie  first 
two  stages  are  normal,  but  in  the  propagation 
stage  the  flame  sweeps  frDm  the  area  around  the 
5park  plug  toward  ttie  walls  of  the  combustion 
chamber.  As  the'  flame  races  through  the 
combustion  chamber,  the  unbumed  gases  ahe^d 
of  it  are  further  compressed  and  are  heated  to 
high  temperatures.  When  the  unbumed  mixture 
is  compressed  and  heated  to  the  point  of  seff 
ignition,  a  rapid  uncontrolled  buming  takes 
place,  that  is  almost  an  explosion  and  is  called' 
detonation.  Knocking  or  pinging  resuJLs. 
Detonation  may  cause  malfunctions  that  rajipn 
from  loss  in  ,  the  performance  to  actual 
destmction  of  the  "engine.  Pistons  have  been 
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shattered,  cylinders  buist,  and  heads  cracked  in 
extreme  cases.  It  is  more  likely  that  the  engine 
will  overheat,  fuel  consumption  will  be  high,  and 
a  loss.of  power  will  result  from  detonation. 

The  ASM  can  help  prevent  detonation  by 
making  sure  the  gasoline  used  in  the  engine  is 
the  manufacturer's  recommended  octane  rating. 
The  ability  of  a  fuel  to  resist  detonation  is  a 
measure  of  its  octane  ratin;^^  Normal  heptane  has 
an  octane  rating  of  zero,  and  iso-octane  ha«  an' 
octane  num'ber  of  100.  When  these  two 
hy.drocarbons  are-,  mixed  in-  the  proper 
proportions  to  cause  the  same  degree  of 
kjiocking  in  the  test  engine  as  the  gasoline  being 
tested,  the  proportion  gives  the  octane  number 
of  the  gaspline:*"For  exami51e,  a  gasoline  rating 
75  octanp  is  equivalent  in  its  knocking 
characteristics  to  a  mixture  of  75-percent 
isd-octane  and  25-percent  normal  heptane. 

The  tendency  of  a  fuel  to  detonate  varies  in 
different  engines  arid  in  the  same  engine  under 
different  operating  conditions.  Engines  *  are 
designed  to  bperafe  within  a  certain  octane 
range.  Performance  is  improved  with  the  use  of 
hijgher  octane  fijel  within  the  range  "if-  the  spark 
setting  is  changed  accordingly.  Tlie  spark  should 
be  advanced  when  higlier  octane  fuel  is  used;  it 
should  be  retarded  when  lower  octane  fuel  is 
used.  If  the  engine  operates  satisfactorily  at  the 
upper  limit  of  the  range  of  the  octane  rating  for 
its  fuel,  it  will  not  improve  the  performance  to 
use  fuel  of' a'  higher  octane  number.  Octane 
rating  of  fuel  has  notliing  to  do  v/ith  starting 
qualities,  potential  energy,  volatility,  or  other 
*  major  characteristics.  '~  ~~ 

Tetraethyllead  is  the  most  commoiily  used 
compound  added  to  '  gasoline  to  suppress 
detonation.  It  ife  effective  because  it  reduces  the 
rate  of  burning  of  the  fuel  and  th^s  prevents 
explosive  burning  or  detonation.  Most  gasolines 
used  in  aviation  support  equipment  contain 
amounts  varying  up  to  one  part  tetraethyllead  to 
1,600  parts  gasoline.  Improved  repning-methods 
also  have  produced  fuels  of  greater  antiknock 
quality. 

Low  octane  fuel  is  not  the  only  cause  of 
detonation.  It  can  be  caused  by  anythin'g  that 
increases  the  heat  or  "pressure  applied  to  the  Past 
part  of  the  air-fuel  mixture  in  the  combustion 
chamber.  Tfiat  is  why  the  compression  ratio  of 
an  engine  has  an  upper  limit.  Due  to  the 


excessive  heat  and  pressure  caused  by  additional  ^ 
compression  when  the  ratio  is  raised  too  high, 
detonation  will  result.  We  can  assume  that  the 
gasoline  delivered  to  the  Navy  is  of  the'specified 
octane  rating;  therefore,  if  an  engine  is, 
detonating,  we  niust  look  for  other  causes. 
Under  certain  conditiony^preignition,  excessive 
spark  advance^  lean  fuel  mixture,  and  defective 
cooling  systems  are  some  of  the  causes  of 

.  detonation.  Prcignition  is  the  igniting  of  the  • 
air-fuel  mixture  in  the  combustion  chamber 

'  during  the  compression  stroke  before 'the  spark 
has  occurred.  This  isxaused  by  a  hot  spot  in  the 
combustion  chamber.  For  example,  an 
overiieated  exhaust  valve  head,  a  hot  spark  plug, 
or  a  buildup  of  carbon  could  be  the  cause  of 
preignition.  When  the  engine  becorifes 
overhea^ted,  a  part  of  the  combustion  chamber 
become  red,  hot  an d,  as  the. air-fuel  mixture 
is  compressed,  ignite  the  'mixture.  Prcignition 
may  lead  to  detonation,  but  the  two^fis^eparate 
and  distinct  events. 

DIESEL 

Diesel  fuels  are  heavier  than  gasoline  because 
^hey  are  objfained  after  gasoline,  and  kerosene 
have  been  refined  from  the  crude  oil.  The  high 
speed  diesel  engines  used  in  aviation  support 
equiprnent  require  •  a  fuel  almost  as  light  as 
kerosene.  Tliis  diesel  fuel  has  specification 
requirements  as  exacting  as  does  gasoline.  The 
most  important  qualities  of  diesel  fuel  arc 
cleanliness,  viscosity,  and  ignitiori"quality. 

Cleanliness  is  probably  the  most  important 
and  necessary  property  of  a  diesel  fuel.  The  fuel 
should  not  contain  any  foreign  substances 
because,  fuel  pump  and  injector  malfunction  wilL 
result.  Diesel  fuel  will  hold  dirt  in  suspension  for 
longer  periods  of  time  than  gasqline  because  ir 
has  a  higher  viscosity.  Because  of  this,  every 
precaution  must  be  taken  to  keep  dirt  out  of  the 
fuel  system  or  eliminate  it  before  it  reaches  the 
pumps.  Water  is  morc  objectionable  in  diesel 
fuel  than  in  gasoline  because  it  causes  ragged 
performance  and  will  corrodfe  the  fuel  system. 
The  least  amount  of  corrosion  on  the  highly 
machined  surfaces  of  the  injection  system 
equipment  will  cause  it  to  become  inoperative. 
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When  it  is  suspected  that  contamination  has 
caused  unsatisfactory  performance  of,a  diesel 
engine,  discomiect  all  supply  lines  and  blow 
them  out  with  air.  Reconnect  the  lines,  and 
ensure  that  uncontamirjated  fuel  is  supplied  to 
the  system.  ^        c  ^  — 

The  viscosity  of  a  fluid  is  an  indication  of  its 
resistance  to  flow.  The  hi^er  the  viscosity,  the 
greater  the  resistance  to  flow.  The  viscosity  of 
diesel  fuel  must  be  low  enougji  tt)  flow  freely  at 
the  lowest  temperatures  encquntered  but  at  the' 
same  time  be  hi^  enough  to  properij^  lubricate 
the  closely  fitted  pump  and  injector  plungers.  It 
must  be  viscous  enough  that  .leakage  at  the 
pump  plungers  and  dribbling  at  the  injectors  will 
not  ocfcur.  The  viscosity  of  the  fuel  determines 
the  size  of  the  fuelspray  droplets.  This  size 
govems    the '  atomization    and  penetration 

quaiities  onhe  spr^y*.   '   ^_  _ 

The  ignition  qusQTty  of  <i  dieser  fuel  is  its 
'iability    to   ignite    spontaneously   under  the 
conditions  existing  in  the  engine  cylinder.  The 
ignition  quality  is  the  delay  between  the  time 
the  fuel  is  injected  into  the  cylinder  and  ignition 
-by-  the  hot  air,  and  is  expressed  as  a  cetane 
number.  The  spontaneous  ignition  point  of  the 
fuel  is  a  function  of  temperature,  pressure,  and 
time.  The  apparatus  used  for  measuring  the 
cetane  number  of  a  fiiel  is  an  actual  diesel 
cylinder  running  under  controlled  operating 
conditions.  The  cetane^  number  of  a  fuel  is 
obtained  by  comparing  the  operation  of  the 
unknown  fuel  with  a  known  reference  fuel  in  a 
special  test  engine., The  reference  fuel  is  a 
mixture   of  alphaymethyl-naphthalene  (which 
will  hardly  ignite  atone)  and  ce^tane  (which  will 
readily  ignite  at  temperatures  and  pressures 
obtained  in   a  diesel.  cylinder).  The  cetane 
number  indicate?;  the  percent  of  cetane  in  u 
reference  fuel  which  just  matches  the  ignition 
properties  of  the  fuel  being  tested. 

Diesel  engines  knock,,  pariiculariy  when  first 
started  or  when  idling.  This  knock'' is  due  to  the 
rapid  bummg  of  the  Tharge  of  fuel  accumulated 
during  the  delay  period  between  Ae  time  of 
injection  and  ignition.  When  fuel  is  injected,  the 
first  portion  nfuist  vaporize,  then  heat  and 
pressurize  until  it  reaches  the  spontaneous 
ignition  point.  Time  is  required  for>sufficient 
fuel  to  go  through  this  cycle  to  permit  ignition. 
During  this  same  time,  other  portions  of  the  fuel 


.are  b^g  injected  and  are  goipg  througji  the 
same   phases  but  behind  the   first  portion. 
Thereforc.as  the  flame  spreads  from  the  point 
of  ignition\iany  of  the  portions  of  the  charge 
•reach  their  spontaneous  ignition  tempera tures^at 
practically  the  same  time.  This  rapid  feuming 
.  causes  a  very  rapid  increase^  in  pressure  which 
causes  a  distinct  md  audiblo  knock.  Increasing 
the  compfression  ratio  in  the  cylinder  of  the 
,  diesel  en^ne.will  decrease  the"  ignition  lag  and 
thereby    decrease    tlie    tendency   to  knock. 
Speeding    up^  the    engine    increases  the 
compression  ratio.  The  type  of  combustion 
chamber,  airflow  within  the  chamber,  the  type 
of  nozzle,  the  injection  pitssure  conditions,,the 
\  fuel  temperature,  the  air  temperature,  and  the 
characteristics  of  ^e  fuel  are  all  factois  that 
could  affect  knocking  in  a  diesel  engine.  As  was 
seen  in  chapter  8  of  this  manual,  more  can  be 
doneTin  flie' desip^of  therdieserenguie  cylinder 
to  eliminate  detonation  than  can  be  done  in  a 
gasoline  engine. 

The  cetane  number  of  diesel  fuels  is  usually 
between  30  and  60.  Rapidly  igniting  fuels  have' 
high  cetane  numbers  while  slow  igniting  fuels 
have  low  cetane  ratings. 


JP-5 

JP-5  Juel  predominantly  consists  of 
hydrocarbons  with  a  little  more  carbon-  and 
somewhat  less  hydrogen.  It  may  contain  as 
much  as  4  pounds  of  sulfur  per  1 ,000  lb  of  fuel. 

Compounds  containing  only  hydrogen  and 
carbon  release,  when  burned,  the.  greatest 
amount  of  energy  for  a  given  weight  of  fuel. 
Tlius,  a  fu,el  consisting  only  of  hydrogen  and 
carbon  may  produce  "^-1/2  horsepower  per  hour 
for  each  pound  of./uel  burned  by.  a  piston 
engine. 

Since  JP-5  is  a  less  volatile  fuel  than  JPr4,  it 
.  is  no\y  .the  Navy's  primary  jet  fuel.  It  is  safer  to 
store >  more  thermally  stable,  and  has  higher  heat 
co|itent  per  gallon  than  JP-4. 

JP-5  is  a  kerosene-type  fUeL  with  a  vapor 
pressure  close  to  0  psi.  Since  it  has  a  lower 
tendency  to  vaporize  than  the  niore  volatile 
grades,  the  vapor-air  mixture  in  tanks  or 
container  'above  jts  liquid  surfaces  will  generally 
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be  too  lean  to  be  ignited  until  the  surface  of  the 
liquid  reaches  a  tempetature  of  about*  140®  F. 
""JP-S  is  used  by  all  shipboard  diesel-powered 
support  equipment  and  gas  turbine  engines. 

Safe  Handling  of  JP-5 

JP-5  fuel  *does  not  contain  tettaethyllead. 
Ho^veve^,  it  may  contain  more  toxic^aromatics 
than  gasoline.  It  should,  therefore,  be  handled 
with  the  same  health  precautions  as  apply  to 
gasoline.  The  hygienic  or  health  aspects  for 
gasoline,-therefore,  apply  equally  as  well  to  JP-5. 
This  includes  precautions  covering  inhalation  of 
Vapors,  skin  .irritiitions,  and  container  hazards.  . 

Jet  engine  fuels  are  petroleum  products 
manufactured  fronl  crude  ojj  by  oil  refineries. 
They  "are  classified  as  flammable  liquids.  Thife 
means  that  they  will  bum  when  ignited.  Under 
proper  conditions  they  will  explode  with  forces 
similar  to  those  of  TN^l*  or  dynamite.  Death  can 
itesult  if  the  vapors  of  fuel  are  inhaled  in 
sufficient  quantities,  and  serious  skin  irritations 
can  result  from  contact  with  the  fuel  in  the 
liquid  state-  In  liquid  form  fuels  ait  lifter  than, 
water,  and  in  the  vapor  form  they  affe  heavier 
than  air.  Consequently,  any  wate^present  in  the 
fuels  will  usually  settle  to  the  ppttom  of  the 
container.  On  the  other  hand,  vapors  of  these 
fuels,  when  released  in  the  air,  tend  to  rcmain 
close  to  the  ground,  thus/increasing  the  danger 
to  persoinel  and  property.  From  safety  and 
health  standpoints  jet  engine  fuels  must  be 
handled  with  caution.  On  rag3  or  waste  ^ley  are 
very  fiarnmable.  ^   '  * 

The  Standard  First  Aid  Training  Course, 
NAVEDTRA  I6O8I-B,  should  be  studied  by  all 
j)ersorinel  working*  with  fuels  for  information  on. 
the  treatment  of  those  overcome  or  injured  due 
tc  the  handling  of  fuels. 


LUBRICANTS 


The  primary  piirppse  of  any  lubricant  is  to 
•reduce  friction  and  eliminate  meial-to-mctal 
contact  during  -the  operation  of  the  engine. 
Lubricants  provide  a  film  vAxich  permits  surfaces 
to  slide  over  each  other  with  less  friction. 


\    Therefore,  lubrication  is  essential  to  prevent 
\  wear  in  any  mechanical  device  where  there  are 
surfaces^rubbing  against  each  pther. 

OILS 

In  internal  combustion  engines,  lubricating 
oils  must  perfprm  -  fou^  basic  functions: 
lubrication,  cooling,  cl&wmg, ^nAp^^ding,  Jn 
ordei;^,lo  propedjfc4tl^n^§at4^^  parts  the 

oil  must  be  -pfTov/  enou^  viscosity  to  flpw 
readily  'betwi^/i  closely  fitted  parts  that  niov^ 
rapidly  but  ADfhi^  enough  viscosity  to  prevent  • 
metal-to-jneltal  contact  between  the  parts.  It 
A^^ust  hav<j  ia  low  enou^  pour  point  (lowest 
{ejTvgenityr^l  at  which  it  can  be  poured)  to  • 
luring    starting  -  under   very   low  , 
temperatures.   The  flashpoint  of  oil  is  the 
lemperafure  aF which  it  first  gTves  off  sufficient  ~ 
flammable  vapor  to  ignite;  this  temperature 
ran^s  from  275^  to  700?  F.  The  fire  point  is 
the    temperature   at   which   the   vapor  will 
continue  to  bam  and  is  usually  50^  to  70^ 
hi^er  than  the  flashpoint.  Lubrication  oil  must 
have  high  enough  flash  and  fire  points  so  that  it 
will  not  bum,  vaporize,  or  be  consumed  under 
high  heat  and  be  tougji  enou^  so  that  it  will  not 
break  down  or  fail  under  high  temperatures  or 
pressures.  The  oxygen, absorption  of  the  oil  must 
be  low  enough'  so  that  vamish  and  gum  do  not  • 
form,  and  the  oil  must  have  small  enotrgh  acid 
content  so  as  not  to  be  detrimental  to  engine  , 
parts. 

•  Lubricating  oil.  must  coot  moving  parts  by 
carrying  off  waste  heat.  This  is  especially  true  in 
diesel  >engine&^  Diesel  engines  generate  enou^ 
heat  of  comoustion  that'an  oil  cooler  is  used  to 
transfer  the  heat  from  the  oil  to  another 
medium.  In  order  to  perforni  its  cooling 
function,  lubricating  oil  must  be  abl&^tp  flow 
readily.  - 

Another  major  function  bf  lubricating  oils  is 
deaning.  This  means  carrying' from  tfi6  engine 
parts  dirt,  dust,  small  carbon  and  metal  particles, 
gum,  and  vamish.  Because  of  *the  increased 
compression  ratios,  higher  speed  engines,  hi^h  r 
operating  temperatures,  and  closer  tolerances,  . 
cleaning  has  become  increasingly  important  in 
recent  years.  Filters  have  been  developed  to  • 
remove  part  of  the  dirt  and  ventilation  systems 
have  been  designed  to^carry  off  vapors  and 
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lire.  However,  these  devices  perform  only 
of  the  job.  Therefore,  additives  oi 
jents  are  blended  with  lubricating  oils.  The 
jent  is  soluble  in  the  oil  and  cleans  the  dirt, 
and  other  impurities  from  the  engine  and 
them  in  suspension.  These  suspended 
ities  are  removed  by  the  filter  as  the  oil  is 
ated.  Gum  and  varnish  are  not  removed  by 
Iter  and  therefore,  the  oil  must  be  changed 
5rvals.  If  the  oil  is  not  changed,  the  amount 
m  and  vamisfi  increases  to  the  point  where 
il  can  no  longer  hold  them  in  suspension 
:hese  substances  are  deposited  throughout 
igine  and  cause  poor  performance, 
nother  function  of  lubricating  oil  is  to  seal 
pace  between  the  piston  rings,  cylinder 

and  pistons  to  prevent  leakage  of 
^ustion  gases  Jrom  the  combustion' 
ber,  past  the  rings,  into  the  crankcase. 

this  .  space  is  properiy  sealed  by  the 
:aJing.oil,  the  full  force^of  the  combustion 
jended  on  the  head  of  the  piston  and  none 
5  force  is  lost. 

s  and  Designations  . 

he  military  specification  for  lubricating  oils 
aviation  ground  support  equipment 
ribes  that  the  oil  be  a  petroleum  or 
letically  prep  ared  product  or  a  combination 
of.  This  oil  is  intended  for  the  lubrication 
ternal  combustiqn  automotive  equipment 
or  general  purpose  lubrication.  This  oil  is  of 
viscosity  grades:  SAEIO,  SAE30,  and 
50.  The  ,  SAE  stands  for  the  Society 
itomotive  Engineers  who  have  established 
rbitrary  systeii^  for  classifying  motor  oils 
ding  to  their  viscosities. 
'  ther  parts  oV  the  aviation  support 
5meni  use  lubricating  oils,  in  addition  to  the 
le.  These  are  the  transmission,  differential, 
steerii.g  gear  unit.  A  standard  transmission  . 
SAE80  or  SAE90  grade  oil.  This  oil  can  also 
5ed  in  the  differential  and  steering  gear  unit 
manufacturer's  recommended  grade  of  oil 
Id  always  be  used  in  all  three  parts.  The 
able  qualities  of  a  gear  lubricant  are  high 
sity  index,  proper  viscosity,  chemical  and 
nal  stability,  and  freedom  from  foaming, 
viscosity  index  of  an  oil  is  the  effect  of 
gq  of  temperature^  on  the  viscosity  of  the 


oil.  A  low  viscosity  index  signifies  a  large  change 
of  viscosity  with  cnanges  in  temperature.  For 
example,  an  oil  that  becomes  very  thin  at  hi^ 
temperatures  and  ve^  thick  at  low  temperatures' 
will  have  a  low  viscosity  index.  If 
uncompounded  mineral  oils  were  used  in 
modem  gear  systems,  they  would  fail  in  a  sh  rt 
time  because  of  the  great  friction  generated  ai 
the  hij^  loads  -  carried.^'.  Therefore,  oiliness 
additives  and  extreme  pressure  agents  are  added 
to  the  mineral  oil.  Extreme  'pressure  agents 
produce  a  nonscuffing  film  on  the^gears  which 
increases  the  amount  of  load  the  ge^  can  carry. 

The  oil  used  in  an  automatic  transmission 
more  closely  resembles^  hydraulic  fiuid  than 
lubricating  oil.  However,  only  automatic 
transmission  oil  should  be  used  in  automatic ' 
transmissions.  This  oil  has  been  ..specially 
prepared  for  use  in  modem  day  automatic 
transmissions. 

Turbine  Oil 


MIL-L-23699B  is  a  synthetic  base  lubricating 
oil  used  in  the  lubricating  system  of  support 
equipment  .gas  turbine  engines.  This  oil  has  two 
principal  advantages  over  petrqleum  oil.  It  has 
less  tendency,  to  lay  down  lacquer  and  coke 
deposits  and  less  tendency  to  evaporate  "at  high 
temperatures.  Its  principal  disadvantage  is  that  it 
tends  to  blister  or  remove  paint  .wherever  it  is 
spilled.  Painted  surfaces  should  be  wiped  clean 
with  a  petroleum  solvent  after  spillage. 


GREASES 

'  Grease  is  used  where  oil  cannot  perform  the 
desired  lubricatipn.  On  aviation  support 
equipment,  grease. is  used  in  front  wheel  bearing 
and  for  chassis  lubrication.  The  most  important 
requirements  of  greases  are  stability, 
noncorrosiveness,  water  resistance,  and. 
satisfactory  performance  in  operation.  A  grease 
must  be  stable  both  in  storage  and  in  use.  It 
must  be  free  from  bleeding  (separation  of  oil),- 
oxidation,  and  ^^d^/'es  In  consistency.  The 
grease  must  not  chCinically  attack  the  metals 
and  other  materials  with  which  it  comes  in 
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contact.  A  grease  vMch  is  insoluble  in  Y^ater  is 
required  in  some  cases,  while  in  others  the  grease 
must  only  resist  weathering  or  the  washing 
action  of  water. 

.  .  Various  soaps  are  used  in  the  rpanufacture  of 
grease.  These  soaps  regulate  the  water  resistance 
and  thfc  heat  stability  of  the  grease.  A  grease 
must  perform  satisfactorily  in  the  equipment  for 
^yhich  it  is  intended,  or  inadequate  lubrication 
will  ^result:  Always  use  the  grade  of  grease 
recommended  by  the  equipment  manufacturer. 


HYDRAULIC  FLUIDS 

Hydraulic  fluid  is  used  in  brake  systems, , 
power  steering,  work  stands,  ordnance  trucks/ 
(bomb  lifting  systems,  both  self-propelled  and 
to>yed),  aircraft  spotting,  dollies,  and  forklifts; 
The^necessary  properties  of  a  hydraulic  fluid  are 
to  have  chemical  stability,  freedom  from  acidity, 
lubricating  ability,  proper  viscosity;  a  minimum 
of  toxicity^  and  a  high  flashpoint. -It  should  not 
undergo  chemical  changes  '  that  will  form 
unfavorable  deposits  that  clog  openings  or  cause 
sticking, or  leaking  of  moving  parts  during  severe 
operating  conditions.  Hydraulic  fluids  should  be 
\  free  from  acids  that  would  corrode  or  otherwise 
adversely  affect  the  metals  and  'tionmetal  lines 
I  composing  the  system.  Since  moving  parts,  are 
1  involved  in  the  hydraulic  system,  the  hydraulic 
1  fluid  should  have  the  ability  to  lubricate  these 
moving  parts.  The  viscosity  of  the  hydraulic 
fluid  must  permit  it  to  give  a  good  jseal  at 
pumps>  valves,  and  pistons  and  still  permit  it  to 
flow  easily  under  all  operating  conditions. 
Hydraulic  fluid  should  be  free  \from  any 
chemical  that  is  poisonous  or  toxicj  to  the 
human  being.  Resistance  to  combustjor  and 
minimum  evaporation  are  desirable  qWilities  of 
hydraulic  fluids  and  are  indicated  b>  a  higli 
flashpoint.  •  \        /  / 

Several  different  types  of  hydraulic  fluids v 
are  used  in  support  equipmeni.  The 
manufacturer  of  the  equipment  recomjnends  tlie 
specification  to  be  used  in  each  systen;i.  The 
-most  commonly  used  hydraulic  fl^id  is 
Specification  MIL-H-5606B.  This  is  the  same 
type  fluid  that  is  used  in  aircraft  ]|iydraulic 
systems.xTlie  fluid  is  colored  red  and  is  jriormally 


procured  in  1-qui^rt  and  1 -gall on  containers,  also 
colored  .ed.  MIL-H-5606B  hydraulic  fluid  has  a 
^petroleum  base  and  must not  be  mixed  with 
vegetable"  base  hydraulic,  fluid. 

Vet,ctable  base  hydraulic  fluid  is  used  in  the 
brake  systems  of.  some  self-propelled  support 
equipment.  3'hen  petroleum  or  n,ineral  base 
'  hydrauljj^-fluid  is  mixed  with  vegetable  base 
hydraulic  fluid  in  a  system,  the  two  will  jell  and 
/  ^nalce  the  system  inoperative.  Using  a  petroleum 
"  bas3  hydraulic  fluid.im a  vegetable  base  hydraulic 
lystem  will  cause  thie  natural  rubber  seals  to 
decompose  and  clog  the  system  and  also  cause 
flie  seds  to  leak.  Vegetable  base  hydraulic  fluid 
has  no  deteriorating  effect  on  flie  petroleum 
base  hydraulic  synthetic  rubber  seals.  Be  sure 
the  hydraulic  fluid  you'^dd,  or  with  which  you 
refill  a  system,  is  the  type  for  which  the  system 
is  designed^ 

Cleanliness  is  the  most  important  factor  in 
the  maintenance  of  a  hydraulic  system.  Small 
orifices*' and  close  clearances  in  tha  hydraulic 
system  make  all  forms  of  dirt  a  positive  hazard. 
The  usual  cause  of  foreign. matter  in  the  system 
is  carelessness  of  those  who  service  the  system* 
When  adding  fluid  to  the  system  make  certain 

.   that   the   manufacturer's  recommendation  is 
followed  as  to  the  type.  Also  ensure  that  no  dirt 

'  gets  in  the  reservoir  when  the  cap  is  removed. 
Since 'the  ASH  normally  repairs  and  maintains 
tlie  hydraulic  systems  :if  the  aviation,  support* 
equipment,  adding  fluid  is  usually  the  most  the 
ASM  will  be  required  to  do. 


HANDLING  PETROLEUM 
PRODUCTS 


SAFETY 


..  Hazards  in  handling  petroleum, products  are 
usu^ly.  confined  to  handling  gasohne.  Vapors 
from  all  petroleum  products  are  hazardous 
beca\isc  they  constitute  fire  and  explosive 
hazards,  and  they  are  toxic  to  the  human  body. 
When  petroleum  products,  even  gasoline,  ?re 
stored  in  a  closed  can  or  tank  thev  are  not 
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hazardous  because,  no  vapor  (or  very  little) 
escapes  from  the  container.  To  use  the 
Ipetroleum  product  it  must  be  handled,  and  this 
permits  vapors  to  form.  Since  the  vapors  from 
petroleum  products  create  Ithe  greatest  hazard, 
the  vapor  characteristics  shfould.be  understood. 
Vapors  from  petroleum  pjroducts,  especially 
gasoline,  have  been  known  to  travel  some 
distance,  reach  a  source  of  ignition,  and  flash 
back  to  the  point  of  origin  causing  a  fire.  Vapors 
from  petroleum  products  are  heavier  than  air 
and  settle  in  low  places,  such  ^'^^  lubrication  pits, 
where  they  remain  until  vf  ?i  'ited  out.  Spilled 
gasoline  or  diesel  fuel  vaporizes  cjiuickly  because 
so  much  of  the  liquid  is  exposed  to  the  air; 
therefore,  when,  spilled  it  should  be  cleaned  up 
as  soon  as  pc^S  '^'ble. 

Gasoline  is  volatile  because  it  gives  off 
flammable  vapors  at  comparatively  low^ 
temperatures.  Volatile  products  such  as  gasoline 
are  normally  handled  at  temperatures  where 
they  give  off  sufficient  vapors  to  bum  at  all 
times.  Therefore,  the  ASM  must  be  extremely 
cautious  when  fueling  aviation  support 
equipment  with  g^oline.  Caution  is  also 
required  when  handling  other  petroleum 
'products  but  not  to  the  same  degree  as  in. 
handling  gasoline. 

»        A  hazard  to  persons  handling  petroleum 
products  is  the   toxic  effect  of  .  the  vapor. 

\  Petroleum  vapors,  when  breathed  in  ;  a 
^^concentration  of  one'-tenth  of  one  percent  by 
volume,  may  cause  dizziness  at  the  end  of  6  • 
minutes.  Concentration  of  one-half  bf  one 
percent  cart  cause  the  inability  to  walk  straiglit 
in  4  minutes.  Longer  exposure  or  greater 
concentration  may  cause  unconsciousness  or 
death. 


contains  tetraethyllead  which  is  added  for 
antiknock  purposes.  This  lead  compound  is 
inhaled  with  the  fumes  or  may  enter  the  body 
throu^  the  mouth  or  by  absorption- througji  tlie 
skin.  No  matter  how  ?it  enters  tiae  body, 
tetraethyllead  is  poisonous.  Althou^  the 
amount  of  tetraethyllead  blended  with 
automotive  gasoline  is  very  small,  lead  poisoning 
may  occur  from  repeated  exposure  to  gasoline 
vapors  in  aii  enclosed  or  inadequately  ventilated 
area  where  leaded  gasoline  has  been  spilled  in 
considerable  quantity.  If  op^Tating,personnel  are- 
continually  exposed  to  Irudcd  ^oline,  they 
should  be  rotated  on  the  job  in  order  to  limit 
the  period  of  individual  exposure.  A  better 
solution  is  to  provide  sufficient  ventilation  to 
remove  the  hazard. 

Volatile  products  such  as  gasoline  may  cause 
skin  irritations  if  allowed  to  remain  in  contact 
with  the  ?kin,  particularity  under  soaked  clothing 
and  ^oves.  Clothing  or  shoes  should  be  removed 
at  once  if  any  fuel  has  soaked  througji  them. 
After  clotiiing  removal,  the  skin  should  be 
washed  with  soap  and  water.  If  the  skin  is 
subjected  to  repeated  contact  with  gasoHite,  the  ' 
protective  oils  are  removed  from  the  skin  and 
drying,  roughing,  cracking,  .  and  possibly 
infections  of  the  skin  result.  Oil-resistant  rubber 
^oves  should  be  worn  as  protection  by  those 
handling  petroleum  products. 

If  volatile  fuel  g6ts  into  the  eyes,  first  aid 
should  be  given  immediately.  Thorougjily  wash 
the  eyes  with  water,  apply  sterile  olive  pil,  castor 
oil,  or  mineral  oil  to  the  eye  and  secure  medical 
attention  as  soon  as  possible.  Jf  a  petroleum 
product  is  swallowi^d,  immediately  give  the 
victim  ajarge  quantifyv^of  warm,  salty  water  to 
drink  in  order  to  induce  vomiting.  Medical 
attention  should  be  secured  as  soon  as  possible. 


The  first  symptoms  of  breathing  .  toxic 
vapors  are  headaches,  nausea,  and  dizziness. 
Recovery  from  the  early  symptoms  is  usually 
prompt  after  removal  to  fresh  air.  If  a  man 
becomes  unconscious  because  of  breathing 
petroleum  vapors,  he  should  receive  immediate 
medical  attention. 

Tlie  hazard  of  heavy  concentrations"  of 
vapors  from  gasoline  is  increased  if  the  gasoline 


STORAGE 

Petroleum    products  are  storedXin  cans, 
drums,  and  tanks.  Gasoline  and  diesel  fuel  are 
usually  stored  in  drums  or  tanks.  Lubricating 
oils  are  usually  stored  in  cans  or  drums.  Greasfex 
and  hydraulic  fluid  are  usually  stored  in  cans. 

Because  gasoline  is  very  flammable  it  should 
be  stored  outside.  The  safest  method  of  storage 
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is  in  an  underground  ventilated  tank.  The 
avi^tiph  support  equipment  is  then  serviced  by  a 
piimp  similar  to  th^ose  used  in  civilian  service 
stations  everywhere.  The  storage  tank  may  be 
mounted  on  a  truck.  The  truck  engine  will  then 
supply  the  power  to  run  the  piimp  to  move  the 
fuel  fo  the  equipment  serviced.  If  stored  in 
drums,  the  gasoline  is  removed  by  a  hand 
operated    pump    or    by    gravity  draining, 
depending  on  facilities  available.  Regardless  of 
the  method  of  storage,  spillage  wiiile  servicing 
equipment   becomes   a   problem.  Vapors  of 
gasoline  may  be  ignited  by  the  vehicle  serviced 
wiien  it  is  started.  If  much  spillage  results  from 
servicing  the  vehicle  it  should  be  flushed  away 
;  with  water  before  the  vehicle  is  started.  The 
^'fueling   area   should   be   posted   >yith  signs 
'prohibiting    smoking    or    any    open  flame. 
Adequate    firefi^'ting  equipment  should  be  , 
available  in  the  fueling  area.  Dry  chemical  and 
CO2    fire    extinguishers   are    the    best  for 
petroleum  product  fires.  To  .  eliminate  static 
electric  sparks  that;  can  ignite  gasoline  vapors, 
while  being  fueled,'  the  equipment  should  be 
grounded.  If  fueling  from  a  tank  truck,  the  truck 
should  also  be  grounded.  A  wire  or  chain 
securely  fastened  to  the  tank  truck  or  vehicle 
and   extending   to   the   deck   is  considered 
sufficient  grounding.  Aboard  ship,  gasoline  is 
usually    stored   in    drums.   The   gasoline  is 
transported  in  cans  to  the  equipment  being 
fueled. 

Safety  cans  are  'designed  for  the  safe 
handling  of  gasoline  in  quantities  up  to  10 
gallons.  These  cans  are  made  for  use  inside 
where  no  provision  has  been  made  for  a  special 
storage  room  of  proper  construction.  They  can 
also  be  used  to  transport  "gasoline  outside.  Each 
can  is  cylindrical  in  form  and  has  a  self-closing 
valve  which  is  opened  through  a  valve  actuating 
linkage  by  manual  pressure  applied  to  either  the 
carrying  handle  or  an  independent  control  lever. 
Interna),  pressure  in  excess  of  5  pounds  per 
square  inch  is  relieved  either  through  an 
independent  pressure  relief  valve  or  by 
overcoming  the  springs  pressure  on  the  pouring 
closure  or  the  filling  closure.  Both  the  filling  and 
pouring  openings  are  provided  with  double 
screeens  of  such  design  that  they  serve  as 
flashback    arresters  'in   the   event   that  the 


flammable  vapor  should  ignite,  outside  the  can. 
These  screens  can  be  readily  removed  and  . 
replaced    without    farcing,    thus    facilitating  / 
frequent  inspection  and  cleaning.  The  valves  are  - 
leakproof,  so  the  can,  when  filled  with  liquid, 
can  ,be  inverted  without  danger  of  ieakage.  The 
stability  of  the  can  is  such  that  it^wiU  not  tip 
over  of  its  own  accord  Nyhen  it  contains  liquid 
and  is  tilted  3.0  degrees  from  the  Horizontal. 

Preventive  measures  are  ^always  more  safe 
than  corrective  measures.  Therefore,,  if  no 
spillage  occurs  and  no  unsafe  handling  practices 
are  permitted,  danger  is  held  to  the  minimum. 

Diesel  fuel  ashore  is  usually  stored  in  . 
skid-mounted  tanks  outside.  Aviation  support 
equipment  can  be  fueled  from  the  tank  by 
gravity  feed.  Thou^  diesel  fuel  is  not  as 
flammable  as  sasbline,  the*  same  precautions 
should  be  followed  as  haye  been  listed  for 
handling  gasoline.  Diesel  fuel  aboard  ship  is 
stored  in  drums,  and  the  fueling  of  equipment  is 
performed  in  the  same  way  as  with  gasoline. 

Lubricating  oils  are  stored  in  drums  or  cans.  ' 
When  stored  in  drums,  the  drum  is  usually  fitted 
with  a  faucet  to  permit  the  oil  to  be.  drained  into 
containers,  for  transportation  to  the  equipment 
v^here  it  is  needed.  When  oil  comes  in  cans,  a 
pouring  spodt  can  be  inserted  for  pouring  into 
the  equipment.  Lubricating  oils  c^n  be  stored 
inside,. 

Grease  and  hydraulic  fluid  are  usually 
supplied  in 'cans.  The  cover  or  cap  of  the  can 
should  always  be  replaced  to  prevent  any  foreign 
matter  getting  in  the  unused  portion.  Grease  and 
hydraulic  fluid  can  be  stored  inside. 


CONTAMINATION 

« 

It  has  -  already  been  stated  that 
contamination  in  petroleum  products  should  be 
avoided.  Where  unused  petroleum  products  are 
stored  in  drums  or  cans  they  should  be  tiglitiy 
closed  to  prevent  dirt  from  entering  the 
container.  Every  precaution  should  be  taken  to 
prohibit  foreign  matter  from  getting  in  gasoline, 
diesel  fuel,  lubricating  oil,  or  hydrauHc  fluid. 
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Where  it  is  suspected  that  ,  the  fluid  is 
contaminated  it  should  be  Filtered  before  using. 

Empty  (irums  and  reusable  cans  not 
immediately  scheduled  for  refilling  with  the 
same  fluid  should  be  cleaned  before  storage. 
Empty  containers  should  be  protected  from 
careless  handling  and  from  contamination  of  the 


interior.  They  should  be  tightly  closed,  as  this 
will  also  retard  interior  corrosion  to  a  great 
degree.  If  the  container  shows  evidence  of 
conosion,  it  should  be  scheduled  for  possible 
reclamation.  Empty  containers  having  contained 
flammable  or  explosive  products  should  be 
treated  as  a  hazard  and  handled  as  such  until 
reconditioned  or  cleaned. 
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CHAPTER  12 


GAS  TURBINE  COMPRESSORS 


The  ASM  is  required  to  maintain  and  repair, 
gas  turbine  engines  used  in  ground  ..support 
equipment.  The  prolonged  life  and  operational 
readiness  of  the,  gas  turbine  engines  invariably 
depend  upon  the  familiarity  maintenance 
personnel  have  with  the  equipment. 

It  is  essential  that  the  ASM  know  the  engine 
as  thoroughly  as  possible.  He  should  know  v/Hzt 
it  is  designed  to  do  and  how  it  fulfills  that 
function.  The  ASM  shoulrl  be  familiar  with 
normal  operating  details  of  the  engine,  such  as 
oil  pressures,  temperatures,  and  consumpti^9n; 
fuefc  pressures,  flows^  and  consumption;  and 
exhaust  gas  temperatures.  All  of  these  should  be 
known  for  the  operating  conditions  from 
starting  to  idle,  from  idle' to  load,  and  from  load 
to  shut  down  of  the  engine. 


DESCRIPTION  AND  PURPOSE 
OF  GAS  TURBINE  ENGINES 

Basically,  there  are  two  types  of  gas  turbine 
engines,  the  centrifugal-flow  type  and  the 
axial-flow  type.  (See  figures  12-1  and  12-2.)  By 
observing  the  illustrations  of  the  two  types,  it 
can  be  seen  that  the  greatest  single  difference  is 
in  the  compressor  section.  The  construction 
features  of  the  COMPRESSOR  (axial-flow  Or 
centrifugal-flow)  determine  the  designation  of 
the  engine,  '  ' 

The  centrif ugal-flbw  compressor  type  epgine 
is  the  most  common  engine  used  in  support 
eq.uipment.  The  advantages  of  the 
centrifugal-type  as  compared  to  the  axial-flow 
type  are  as  follows: 


FUEI 


SPARK  PLUG 
I6NIT0R 


COMPRESSOR-CENTRIFUGAL-FLOW 
(DOUBliE- ENTRY  TYPE) 


224.98 

Figure  12-1,— Centrifugal-flow  type  engine. 


1.  Simplicity  of  design  and  manufacture, 
thus  lower  cost. 
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224.99 


Figure  12-2.^Axial-f low  type  engine. 


2.  Lighter  weiglit. 

3.  Low  starting  power  requirements. 


Because  the  centrifugal-flow  engine  is  the 
most  commonly  used  in  support  equipment,  the 
axial-flow  is  not  discussed  in  this  chapter.  By ' 
understanding  the  centrifugal-flow  type,  the 
axial-flow  type  can  also  be  understood,  since  all 
other  sections  and  components  except  the 
compressor  are  very  similar  in  design  and 
operation^  if  not  identical. 


The  gas  turbine;  engine  consists  of  the 
following  major  sections  and  systems: 

1 .  Accessory  section. 

2.  Compressor  section. 

3.  Turbine  section. 

4.  Fuel  system. 

5.  Lubrication  system. 

6.  Electrical  system. 

i\.discussion  of  each  section  and  each  system 
is  presented  later  in  this  chapter. 
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5  OF  GAS  TURBINE 
IPRESSOR  UNITS 

compressors  provide  pneumatic 
rm  of  compressed  bleed  air  for 
ge-K^lass  pneumatic  equipment. 

includes  .aircraft  main  engir\e 
her  types  of  compressed  air 
e  units  can  also  be  used  safely 

of  ice  and  snow  from  aircraft 
heating  and  preheating.  Usually 
f-contained  and  require  only  an 
of,  fuel  and  oil  to  .maintain  a 


There  are  many  types  of  configurations  of 
gas  turbine  compressors;  however,  because  of 
their  similarity  in  construction  and  operation, 
the  gas  turbine  compressor  and  its  systems  and 
configurations  are  discussed  generally  in  this 
chapter. 

CONFIGURATION  OF  GAS 
TURBINE  COMPRESSORS 

The  major  differences  in  the  enclosures  may 
be  determined  by  where  the  gas  turbine  is 
generally  used.  Some_are  enclosed  in  pods  as 
shown  in  figure  12-3.  This  allows  for  the  pod  to 


FSgiire  .12*3.-6TC  8S  compressor  In  a  pod. 
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be  suspended  from  the  wing  of  an  aircraft  for 
flyaway.  These  pods  are  normally  used  on  air 
stations  and  in  rare  occasions  may  be  aboard 
aircraft  carriers.  Another  type  will  be  found 
aboard  aircraft"  carriers  as  shown  in  figure  12-4. 
This  unit  is  mounted  on  Jhe  ME)-3  tractor  so 
that  less  space,  will  be  taken  up  on  the  carrier.  It , 
can  be  used  to  start  all  aircraft  except  the 
reciprocating  engine  aircraft. 

The  model  NCPP-105  compressor  power 
unit,  shown  in  figure  12-5  is  a  complete, 
self-contained  unit  consisting  of  a  flyaway 
assembly  enclosed  in  a  skid-mounted, 
weather-resistant  enclosure.  Some  models  of  the 
NCPP-105  are  mounted  on  trailers  for  ease  of 
movement  from  aircraft  to  aircraft  or  place  to 
place.  The  NjCPP-1 05  ^supplies  compressed  air,  at 
two  pressure  ratios  (5:1  and  3.6:1),  for  aircraft 
engine  starting,  and  ac  and  dc  dectrical  power 
for  operation  of  aircraft  .ac  and  dc  electrical, 
components.  The  NCPP-105  is  equipped  with  a 
remote  cable  assembly,  an  ac  output  cable,  a  dc 
output  cable,  and  a  bleed  air  duct  assembly. 

The  unit  enclosure  consists  of  a  forward^and 
aft  enclosure  (hinged  together),  a  cable  stowage 
enclosure,  muffler  assembly,  fuel  tank,  structure 
assembly,  and  a  base  assembly. 

The  flyaway  assembly,  shown  in  figure  12-6 
is  normally  operated  while  in  the  NCPP-105  unit 
enclosure,  with  the  dc  power  supply  mounted  in 
■  the  forward^  enclosure.  However,  when  it  is 
required  to  transport  the  flyaway  assembly  by 
aircraft  to  a  temporary  location,  the  dc  power 
supply  is  removed  and  relocated  on  the  flyav/ay 
assembly  structure.  The  fuel  line  and  ac  and  dc 
electrical  outf)ut  Wbles  are  discqnnected,  the 
forward  and  aft  enclosures  are  lifted  off  the 
structure  assembly,  and  the  flyaway  assembly  is 


V. 
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Figure  12-4.-Mb-3A  tow  tractor. 


then  removed  from  the  base  "*ssembly.  The 
flyaway  assembly,  with  its  remote  cable,  ac  and 
dc  electrical  output  cables,  and  bleed  air  duct 
assembly,  upon  arrival;  at  its  temporary  location, 

ckn  be  operated  by  attaching  it  to  a  fuel  supply. ' 

.,  #  ^ 

OPERATIONAL 
FUNDAMENTALS 

The  gas  turbine  compressor  takes  air, 
compresses  it,  adds  fuel,  ignites  the  mixture,  and 
directs  the  expanded  gas  against  a  turbine.  A 
large  mass  of  air  is  required  by  the  gas  turbine 
engine.  The  .inlet  must  supply  as  'inxjch^^^^  ten 
times  the  amount  of  air  recjti&ed"^  by  a 
reciprocating  engine.  The  air  must  reach  the 
compressor  in  a  smooth  flow  free  from  n 
turbulence. 

The  compressor  has  as  its  function  to, 
increase  the  energy  of  the  air  received  from  the; 
entrance  duct  and  then  discharge  it  to  the, 
combustion  chamber  in  the  quantity  and  at  thq 
pressure  desired.  The  power  to  'drive  th^ 
compressor  is  provided  by  the  turbine.  Tht 
.turbine  and  compressor  units  and  their 
connecting  shafts  comprise  the  rotor  assembly. 
The  rotor  assembly  is  the  only  major  moving 
part  in  the  gas  turbine.  Because  its  motion  is 
entirely  rotary,  operation  is  inherently  smooth. 
The  compressed  air  now  goes  to  the  combustion 
chamber.  ^  ^ 

The  conjbustion  chamber  serves  to  contain 
the  combustion  process  which  raises  the 
temperature  of  the  air  passing  through  the 
engine.  The  combustion  process  injects  fuel  into 
the  compressed  air  and  ignites  the  mixture.  This . 
process  releases  the  kinetic  energy  contained  in 
the  fuel-air  mixture.  The  amount  of  fuel  which 
may  be  burned  is  limited  by  the  maximum 
temperature  that  can  be  >  tolerated  by  the 
turbine.  This  limitation  may  cause  the  ratio  of 
air  to  fuel  by  weight  to  be  less  than  50  to  1. 
Fuel  and  air  in  this  ratio  will  not  burn  if 
uniformly  mixed;  therefore,  the  combustion 
chamber  is  built  so  that  only  a  small  portion  of 
the  incoming  air  can  contact  the  fuel  spray.  At 
the  ignition  point  this  portion  of  the  mixture  is 
within  the  combustible  range.  From  this  point 
the  remaining  air  joins  the  burning  mixture.  The 
joining  air  receives  some  of  the  heat  from  the 
burning  mixture  and  in  so  doing  lowers  the 
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DC  POWER  SUPPLY. 
(RELOCATION) 


213.18 


Figure  12-6.-NCPP-105  flyaway  assembly. 


temperature  of  the  gases  exiting  from,  the 
combustion  Chamber  to  a  value  safe  for  turbine 
operation. 

The  turbine  receives  the  heated  gases  and 
transforms  the  energy  of  the  burned  gases  to 
shaft  power  that  drives  the  compressor  and 
accessories.  The  heat  causes  the  compressed  air 
to  expand.  The  only  outlet  from  the  combustion 
chamber  is  to  the  turbine.  In  its  rush  to  escape, 
the  gases  build  up  enough  velocity  to  turn  the 


turbine  when  coming  in  contact  with  the  turbine 
blades.  The  turbine  and  compressor  are 
connected  by  a  common  shaft.  The  accessory- 
section  operates .  by  a  gear  reduction  drive 
(lonnected  to  the  front  of  the  compressor  shaft. 

The  compressed  air  is  drawn  off  from  the 
compressor  section  for  use  as  pneumatic  air.  If 
all  the  air  was  routed  to  the  turbine  from  ,  the 
compressor,  the  turbine  would  produce  more 
power  than  is  nefeded  to  operate  the  compressor 
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and  accSssories.  Therefore;  the  amount  taken  for 
^pneumatic  eqiV:,  ment  operation  does  not  reduce 
the  desifed  omput  o**  th§  fengiqe.  In  a  jet  engine 
used  in  aircraft,  whe;;?  pneumatic  air  is  not  bled 
off,  fliis  fexcess  er'ergy  is  used  for  propulsion.  « 


\.    ,     MAJOP  rOMPOr^ENTS 

*     f  ' 

The  gas  turbine  engine,  whicb  is  normally, 
referred  to  as  a  unit,  consists  of  a^  two-stage 
centrifugal  compressor  directly  coupled  to  a 
radial  .inward-flow  turbine  wheek  Compressed 


A' 


,  air«  is  obtained  as  bleed-air  from  the  second  stage 
of  »the  compressor,  which  also  supplies  air  to 

« support  fuel  combusti<5n  in  tjie  turbine  section. 

'  The'  unit  is  composed  of  three  main 
sections-accessory,  compressor,  and  power 
turbine.  (See  fig.  12-7;) 

ACCESSORY  SECnON 

The  accessory  section  is  designed  as  a 
separate  ^assdtnbly  and'-  consists  of  a  '  gear 
.reduction    drive    coupled    directly    to  the 
compressor  shaft  through  a  special  type  of  drive 


PLUMBING . 
SYSTEM 


TURBINE  SECTION 


ACCESSORY 
SECTION 


^  Figure  12-7.— Gas  turbine  compressor,  major  sections. 
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shaft.  The  accessory  housing  mounts^  and 
provides  drives  for  the  following  accessories: . 

Starter.  \ 
.  2.  Centrifugal  switch.  ,  ' 

3.  Oil  pump  assembly. 

4.  Generator. 

5.  Fuel  accessory  assembly.  (Fuel  pump 
and  control  unit.) 

COMPRESSOR  SECTION 

This  section  provides  a  source  of  compressed 
air  for  combustion  and  pneumatic  power  in  the 
form  of  bleed  air.  / 

The  ambient  air  is  moved  by  tlie  first  and 
second  stage  impellers  arid  is  directed  through 
diff users  which  are  mounted  directly  after  the 
impellers.  Compression  js  accomplished  by  the 
diff  users  due  to  ^their  divergent  shape:  \ 

The  impellers  are  mounted  on  a  common 
shaft,  the  ends  of  which  are  splined  internally  to 
receive  the  drive  shafts  \vhich  connect  the 
compressor  to  the  accessory  drive  shaft  and 
connect  the  turbine  to  the  compressor. 

POWER  TURjj^NE  SECTION 

jThe,  turbiiie  section  is  the  power  section 
which  provides  driving  power  for  the  entire  unit. 
The  major  parts  of  this  section  are  the  turbine 
wheel",  combustion  chamber  assembly,  and 
nozzle  assembly.  Air^  which  has  been  t^ken  into 
the  compressor,  is  routed  to  the  combustion 
chamber  section  where  it  is. mixed  with  fuel  and 
ignited.  A3  the  fuel-air  njixture  is  burned,  the 
gases  expand  rapidly,  increasing  the  velocity  of 
the  gas^sjt  is  exhausted  to  the  rear, through  the 
nozzle  assembly.  From  the  nozzle  assembly 
these  hot  gases,  are  directed  onto  the  blades  of 
the  turbine  wheel,  turning  the  turbine  at  a  very 
high  speed.  In  turn,  the  turbine  drives  the 
compressor  Lnd  the  accessory  drive  assembly.^.  . 

OPERATIONAL  SAFETY 
PRECAUTIONS 

In  the  operation  of  any  gas  turbine 
compressor  unit,  the  ASM  must  first  become 
completely  familiar  with  the  proper  operating 


procedures.  No  one  jhould  attempt  to  ope^^ET 
these  equiproints  until  he  has  had  an  operational 
checkout  by  a  qualified  and  authorized 
operato'r.  The  actual  operation  of  gas  turbine 
compressors  is  -Simple;  however,  they  are 
powerful  pieces  of  equipment  and-  must  be 
treated  accordingly.  The  following  safety 
precautions  must  be  strictly  enforced  to  prevent 
possible  personnel"  injury  or  equipment 
destruction : 

1.  All  personnel  must  remain  clear  of 
the  compressor  inlet."  Although  the  turhiue 
engine  of  the  unit  is  small,  as  compared  to  the 

jsngine  in  an  aircraft,  it  is  very  dangerous  and 
consumes  great^quantities  of  air. 

All  personnel  w  aware  of  the  destruction 
caused  to  an  aircraft  jet  engine  when  a  foreign 
object,  is  ingested.  Remember,  the  gas  turbine 
compressor  likewise  will  be  destroyed,  or 
seriously  damaged,  if  the  inlet  area  is  not  kept 
clear  of  foreign  objects.  Never  carry  loose 
article?  such  as  pencils  or  oil  wiping  cloths  in  the 
pockets  when  working  near  operating  units. 
Always  inspect  the  entire  area  around  the 
equipment  (before  starting  the  unit)  to  make 
sufc  no  loose  gear  or  debris  will  be  pulled  into 
the  compressor. 

2.  The  exhaust  gas  from  this  equipment  is 
exactly  like  that  of  ^the  engine  in  an 
aircraft -HOT-and  exits  "from  the  unit  at  a 
terrific  velocity.  Therefore,  personnel  must 
avoid  this  area  and  make  sure  that  the  exhaust  is 
not  directed  onto  anything  which  th^e  heat  or 
the  velocity  of  these  gases  would  damage.  A 
tragic  fire  in  the  carrier  Enterprise  was  started 
by  the  exhaust  from  onp  of  these  units. 
ALWAYS  BE  CERTAIN  thit  the  exhaust  is  no 
closer  than  the  prescribed  distance  from.  ANY 
object.  '  / 

3.  Another  ^danger  which  lurks  hidden  in 
equipment  of  this  type  may  not  be  quite 
as  evident  as  the  two  previously  discussed.  This 
danger  is  in  the  area  of  the  plane-of-rotation  of 
the  high-speed  compressor  and  turbine 
assemblies.  There  have  /  been  times  when  a 
turbine  blade  has  been  sheared  off  and  thrown 
out  of  the  turbine.  At/  the  speeds  which  the 
turbine  turns,  the  blades  become  like  rjfle 
bullets.  Usually  these  areas  are  marked  clearly 
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with 'red  painted  stripes^  Never  stand  in^the 
plane  of  rotation  whether  marked  or  not.  ^ 
4.  Always  wear,  sound  attenuators  when 
working  on  or  tlear,  this  equipment  while 
it  is  operating,  since  t^ie  noise  level  is  very  high 
and  vdll  cause  loss  of  hearing.  The  use  of  the* 
-sound  attenuators  canpot  be  oversfressed. 
Remember,  a  loss,  of  hearing  due  to  the 
high-frequency,  component " 'of  the  noise 
generated'by  this  equipment  can  and  often  doeSy 
;cause  pennanent  damage  to  the  auditory  system. 


•FfJNCnONAL  SYSTEMS  , 

Before  the  ASM  attempts  to, operate »a  gas 
turbine  unit,  he  should  fave^ajjoiowledge  of  the 
•different  systems,  and  the  function  performed  • 
by  each..  In  the  gas  turbihe'^unit  there  are  four 
main  functional  systems  which  are  listed  as 
follows: 

1.  Air  system. 

2.  ytuel  system,  y 

3.  Lubrication  system. 

4.  Electrical  system;  - 

In  the  following  p^aragraphs  each  of  these 
systems  js  described  briefly  . 

AIR  SYSTEM 

See  figure  12-8.  Rotation  of  the  compressor  I 
creates  a  low-pressure. area  at  the  inlet  sidfe  of 
the  unit.  This  draws  air  through  the  oil  cooler 
into  the  first  stage  .compressor  plenum  chamber 
(air  supply  chamber).  Note  that  the  first  stage  of 
the  compressor  is  constructed  with  a  dualnsntry; 
this  is  necessary  to  pro^de  'the  large, volume  of 
airjhat  is  required  for  engine  combustion  and 
'6ooIing  and  for  supplying  pneumatic  power.  As 
air  is  drawn  mt£  the  first,  stage  of  the 
compressor,  tremdndous  velocity  is  imparted  to 
.it  by  the  first  stage  impeller.  The  air  is  then 
direpted  into  the  first  stage  diffuser  where  it  is 
slowed  down  and  its  pressure  increased  (first 
stage  compression)  to  approximately  18  psi.  !t  is 
then  directed  through,  interstage  ducts  into^the 
second  stage  of  the  compressor,  and  trem^endous  ^ . 
velocity  is  again  imparted  to  it  by  the  second 
stage  impeller.  It  is  then  directed  into  the  second 


stage  dfffuser  where  it  is  slowed  down,  and  Its 
pressure    furthei*   increased    (second-  stage  • 
compression)  t6  approximately  37  psi.  From  the 
second  stage  compressor, :  the  air  is  directed 
through  a  §et  of  d6swirl  vai\es  >^ereVds  the  term'" 
deswirl  implies,  the  air  is  straightene<J  oyt  into  a 
smooth  flow  as;  it  enters  the  turbine  plenum 
chamber.  Approximately  75 -percent  of  the' air 
entering  the  turbihe  plenum  chamber  is  used  to  , 
support   combustion   and    for  cm^ibustion 
chamber  cooling,  while  the  remaining  25  percent  ^ 
is   available   as,;,*  bleed-air  for  operation  of 
•    pneumatic  equipment  When '  ho  air  is  beirijg  bled 
*\from  the^;  engine,  this  25  pefc^iit  •  provides 
additional  engine  cooling,  enabling  the  engine  to 
<  operate ,  at-  reduced  temperature  up^der  no-load 
conditions,  ^i*^*  ^' 

Air  enters' the  combustion  ch«nber-v&  small 
hples  or  perforations  in  tlie  flame  tube  or  liner, . 
where  it. is  combined  With  f\iel  and  burned.  The 
result  of  the  burning  of  the  fuel  is  "the  rapid 
expansion  of  The  burning  gases  and  creation  of  a 
high-velocity,  high-energy,  exhaust  ^  flow. 
This  gai  .flow  is  collected  in.  -ar.  assembly, 
referred  to" is.  th6, torus,  and  directed  through  a 
nozzle  ring  surrounding  the  turbine  wheel  and 
onto  the  blades  of  the  turbine  -wheel  at .  the. 
proper  angle  to  drive  it.  The  high-velocity, 
high-energy  exhaust  gas  flow  drives  ^ the  turbinc^^ 
.(hence  the  term  gas  turbine)  at  a^very  high  rate 
.  providing  the  power  to  drive  the  compressor  and 
accessories  arid  to  support  pneumatic  loads. 
I  After  passing  through^  the  turbine,  blades  the 
exhaust  gases  (stiH\hot)  pass  out  the  tailpipe  to 
the.atmosphere.   ... 


Fuel  and  Bleed-Air 

Control  •  ^ 

t' 

(See  fig.  12-9).  This  system  functions 
automatically  .  to  maintain  a  near-constani 
turbine  operating  speed  under  varyirg 
cbnditions  of  load  and  Id  control  the  amount  of 
bleed-^r  supplied  by  the  engine.  The  system 
consists  of:  electromechanical  and  pneumatic, 
coHi-yOnen'ts,  v/ith  connecting  plumbing  and 
>\'irir:g.  The  principal  components  of  the  system 
are  a  fuel  pump  and  control  \mit,  an  acceleration 
stabilizer  and  adjustable  orifice  assembly,  a  fuel 
atomizer   assembly,   an   acceleration  control 
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thermostat,  an  unloading  air  shutoff  (load) 
valve,  and  a  bleed-load  control  thermostat. 

FUEL  PUMP  AND  CONTROL  UNIT. -The 
fuel  pump  and  control  unit  incorporates  the  fuel 
pump,  acceleration  limiter  (bypass)  valve,  a 
flyweight-type  (mechanical)  governor  and  a  fiiel 
solenoid  valve. 

The  acceleration  limiter  valve  consists  of  a 
check  valve  ac  aated  by  two  diaphrai,ins-one 
controlled  by  fuel  pressure  and  the  other  by  a 
combination  of  spring  pressure  and  compressor 
discharge  (control)  air  pressure!  It  is  called  a 
bypass  valve  because  it  is  designed  to  control 
fuel  flov/  to  the  atomizer  assembly  by  bypassing 
a  portion  of  the  fuel  deh.ercd  by  the  fuel  pun'p 
back  to  the  fuel  tank  in  relation  to  compressor 
discharge  air  pressure.  As  engine  rpui  increases 


and  compressor  discharge  air  pressure  increases, 
less  fuel  is  bypassed  and  more  is  delivered  to  the 
atomizer  assembly.  The  acceleration  limitei 
valve  controls  fuel  flow  during  starting  and 
acceleration  up  to  approximately  95  percent  of 
governed  engine  rpm. 

The  mechanical  governor  begins  to  function 
as  engine  rpm  reaches  approximately  95  percent. 
Enough  centrifugal  force  is  applied  to  the 
flyweights  at  this  point  to  allow  the  governor  to 
begin  bypassing  fuel,  in  conjunction  with  the 
acceleration  limiter  valve.  The  combined  bypass 
action  of  the  acceleration  limiter  valve  and  the 
governor  allow  just  enough  fuel  to  reach  the 
atomizer  assembly  to  ma^tain  governed  engine 
rpm.  \ 

Tlie  fuel  solenoid  valve  is  of  the  normally 
closed  type.  It  admits  or  shuts  off  fuel  flow  to 
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the  atomizer  assembly  in  responsie  to  electrical 
control  system  operation. 

ACCELERATION    STABILIZER  AND 
ADJUSTABLE    ORIFICE  ASSEMBLY.-The 
acceleration  stabilizer  and  adjustable  orifice 
assembly  consists  of  a  normally  open  solenoid 
valve  and  an  adjustable  air  bleed  installed  in  the 
control  air  hne  between  the  acceleration  limiter 
valve  and  the  acceleration  control  thermostat. 
Its  purpose  is  to  control  and  stabihze  the  rate  of 
acceleration  by  bleeding  control  air  pressure  off 
the  acceleration  limiter  valve.  Bleeding  off  a 
portion  of  the  air  pressure  from  the  acceleration 
limiter  valve  causes  the  valve  to  bypass  more 
fuel,  decreasing  the  rate  of  acceleration.  The 
solenoid  is  energized  during  starting  (up  to  35 
percent  of  governed  engine  rpm)  and  when  the 
load  switch  is  actuated,  causing  the  acceleration 
limiter  valve  to  close  and  bypass  no  fuel.  This 
provides  the  increased  fuel  flow  required  at 
these  times  to  support  engine  operation. 

FUEL  ATOMIZER  ASSEMBLY.--The  fuel 
atomizer  assembly  is  a  dual  orifice  type  and  is 
mounted  on  the  combustion  chamber  cap 
assembly.  A  flow-divider  valve  directs  all  fuel  at 
low  pressure  to  tVe  small  orifice  which  provides 
proper  atomization  of  the  fuel  during  starting. 
As  engine  rpm  increases  and  fuel  pressure 
increases,  the  flow  divider  valve  actuates  to 
permit  combined  flow  to  both  orifices. 

ACCELERATION  CONTROL 
THERMOSTAT.-The  acceleration  control 
thermostat  is  mounted  in  the  engine  tailpipe.  It 
consists  of  a  spring-loaded-closed,  ball  check 
valve,  actuated  by  exhaust  gas  temperature 
(EGT).  It  is  connected  to  the  acceleration 
limiter  valve  by  a  control  air  line.  The 
thermostat  aces  to  override  control  of  fuel  flow 
by  dumping  all  the  control  air  pressure  from  the 
acceleration  limiter  valve  if  the  EGT  exceeds  a 
.specified  limit  during  acceleration. 

UNLOADING  AIR  SHUTOFF 
VALVE. -The  unloading  air  shutoff  (Ibad)  valve 
assembly  consists  of  a  normally  closed  solenoid 

 a  norirally  closed  butterfly  valve,  and  two 

diaphragms.  It  functions  to  control  the  amount 
of  air  that  is  bled  from  the  engine  in  relation  to 


EGT;  If  too  much  air  is  being  bled  off 
(over-loading),  action  of  the  bleed-load  control  ^ 
thermostat  allows  the  butterfly  valve  to  close 
sufficiently  to  regulate  bleed-air  flow  without 
causing  engine  shutdown  or  loss  of  engine  speed. 

BLEED  - 1,  OAD  CONTROL 
THERMOSTAT. -The  bleed-load  control 
thermostat  is  mounted  in  the  engine  tailpipe.  It 
has  the^same  construction  as  the  acceleration 
control  thermostat -'and  is  connected  to  the  load 
valve  by  a  control  air  Jine.  It  functions  to 
control  the  bleed4oadln'relation  to  EGT.  At  a 
specified  temperature,  ,  the  thermostat  valve 
opens  and  bleeds  control  air  pressure  from  the 
actuator  diaphragm  ofj  the  load  valve.  This 
reduction  in  control  air.  pressure  allows  the 
butterfly  valve  to  modulate,  thereby  maintaining 
the  maximum  permissible  bleed-load,  on  the 
engine  and  preventing  overloading. 


LUBRICATION  SYSTEM 

The  lubrication  system  is  very  simple;  but, 
because  of  the  temperatures  and  rpm  at  which 
the  unit  operates,  positive  feed  oil  pressure  for 
lubrication  and  cooling  must  be  provided.  The 
system  includes  a  pressure  and  scavenge  pump, 
an  oil  filter,  an  oil  temperature  regulator,  an  oil 
cooler,  and  an  oil  tank.  (See  fig.  12-10.)  Oil 
under  pressure  is  supphed  to  all  gears,  shafts, 
and  bearings.  After  the  oil  has  been  used,  it 
collects  in  the  common  sump  between  the 
compressor  and  turbine  assemblies  and  in  the 
sump  of  the  accessory  section  and  is  then 
returned,  by  the  scavenge  pump,  to  the  oil  tank. 

If  the  temperature^  of  the  oil  is  such  that  it 
requires  cooling^  it  i^^routed  through  the  oil 
cooler.  Cooling  is  accomplished  by  compressor 
inlet  air  flowing  around  the  tubes  of  the  oil 
cooler.  If  the  temperature  of  the  oil  is  not  great 
enough  to  require  cooling,  a  bypass  valve  in  the 
temperature  regulator  routes  the  oil  directly  to 
the  oil  tank,  where  it  is  again  pumped  through 
the  engine.  The  unit  is  provided  with  an  oil 
pressure  actuated  switch  which  prevents  starting 
of  the  engine  until  oil  pressure  builds  up 
sufficiently  to  close  the  switch.  Also,  if  oil 
pressure  is  lost  during  operation,  this  switch  will 
function  to  shut  down  the  engine.  Sometime^, 
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Figure  12-10.— Lubrication  system. 


oil  pump  will  require  priming  to  provide  oil 
pressure  at  time  of  starting. 

ELECTRICAL  SYSTEM 

\ 

The  electrical  system  provides  the  m.eans  foV 
starting,  operating,  and  stopping  the  engine.  It  is 
•a  26±2-volt  dc  system  which  may  be  operated 
from  a  battery  or  an  external  power  source,  such 
as  a  mobile  electric  powerplant. 

The  electrical  system  has  two  groups  of 
components-engine  mounted  and  enclosure 
mounted.  The  engirie  group  is  the  same  for  all 
installations,  \')Ui  the  enclosure  group  will  vary  as 


to  type  of  components  and  circuitry.  A  typical 
electrical  system  schematic  is  shown  in  figure 
12-11. 

Tlie  components  of  the  engine  group  are  the 
electrical  control  box,  ignition  system, 
generator,  starter,  centrifugal  switch  assembly, 
oil  drain  solenoid  valve,  facl  solenoid  valve, 
acceleration  stabilizer  solenoid '  valve,  and  the 
load  control  solenoidL-yilv^e.  ,  -  ^ 

ELECTRICAL  CONtKQL  BbX.-Electi ical 
control  of  the  t  r.gine  is  niaihtained  through  the 
electrical  box.  (See  fig.  12-12.)  It  bouses  the 
starter  and  ignition  holding  relay,  fuel  holding 
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Figure  12-12.— Electrical  control  box. 


re;  ,  ignition  unit,  and  the  start  counter.  The 
stai  ivT  and  ignition  holding  relay  and  the  fuei 
holding  relay,  when  energized,  provide  power  to 
the  circuits  they  control  and  also  to  their  own 
coils  for  a  holding  action.  The  ignition  unit 
t^rovides  the  high-tension  current  to  the  igniter 

IGNITION. -The  gas  turbine  engine  ignition 
system  is  very  simple  in  construction  and 
opoi  .tion.  The  entire  system  consists  of  the 
igni:.r  (spark  unit)  located  in  the  combustion 
chamber,  a  section  of  higli-tension  ignition  lead, 
and  the  ignition  unit  located  in  the  electrical 
control  box.  The  ignition  unit  provides  the 
high-energy  voltage  source.  Tliis  is  accomplished 
by  a  step-up  transformer  which  charges  internal 
storage  capacitors.  The  storage  capacitors  arc 
then  discharged  across  a  booster  coil 
arrangement,  and  the  higli  voltage  is  applied ^to 
the  igniter.  After  the  engine  has  started  and  a 


flame  is  established  in  the  combustion  chamber, 
the  ignition  system  is  deenergized,  since  burning 
is  constant  once  a  successfr'  start  has  been 
accomplished. 

N^TE:  The  voltage  to  the  igniter  is 
dangerously  high  (near  40,000  volts);  tlierefore, 
caution  must  be  observed  when  maintenance  is 
performed  on  the  ignition  system.  Always  make 
certain  that  the  capacitors  are  fully  discharged 
before  removing  or  checking  components  of  the 
ignition  system. 

GENERATOR  AND  STARTER 
ASSEMBLIES. -The  generator,  driven  by  the 
accessory  drive  gear  section,  is  a 
continuous-duty  unit  rated  at  12  amperes  and 
28  volts.  Cooling  o^  the  generator  is  provided  by 
^air  drawn  througli  cooling  inlet  holes  in  the 
generator  housing/through  the  generator,  into  a 
codling   outlet   tube     and   into  the  turbine 
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exhaust.  Colntrol  of  the  generator  and  the 
circuits  associated  with  it  is  the  function  of  the 
voltage  regulator  and  reverse  current  relay. 
These  units/  and  a  noise  filter  are  located  in  the 
generator  control  panel.  The  starter  unit 
operates  on  a  24-  to  28-volt  power  supply; 
power  fori  operation  of  the  starter  may  be 
provided  by  a  battery  or  may  be  supplied  from 
aif  altefnajfe  external  28-volt  source.  The  starter 
is  provided  with  a  friction  and  inertia  type  of 
clutch  mechanism  which  allows  automatic  initial 
engageme/nt,  and  disengagement  is  accomplished 
when  tlie  speed  of  the  accessory  drive  is 
exceeded.  Starter  motor  current  is  cut  off  at  35 
percent  |t)f  engine  speed. 

CENTRIFUGAL  SWITCH 
ASSEMBLY. -The  centrifugal  switch  assembly 
(fig.  1^-13),  through  the  operation  of  a  set  of 


1.  Housing. 

2.  Centrifugal  switch 
shaft. 

3.  Spring  sliding 
retainer. 

4.  CoiTipressian  spring. 

5.  Push  rod. 

6.  Receptacle. 

7.  Access  plate. 

8.  Adjusting  screw 

9.  Adjusting  screw. 

10.  Adjusting  screw. 

11.  Switch  caver. 


12.  Leaf  spring.  ^ 

13.  Switch  aetuating 
lever. 

14.  Lever  actuator. 

15.  Governor 
flyweight. 

16.  Boll  bearing. 

17.  Fulcrum 
flyweights. 

18.  Overspeed 
switch  bearing 
carrier. 

19.  Mounting  flange. 


227.177 

Figure  12'13.-Centrifugal  switch  assembly. 


flyweights,  controls  the  sequence  of  operation 
of  the  electrical  system.  As  the  flyweights  are 
caused  to  move  outward  by  centrifugal  force, 
three"  switches  are  actuated  by  an  actuating 
leyer.  The  first  to  operate  is  the  35-percent 
switch-^ which  deenergizes  the  starter  and  ignition 
holding  relay.  The  second  to  operate  is  the 
95-percent  switch'  which  energizes  the 
ready-to-load  light,  load  switch  circuit,  and  the 
start  counter.  The.  last  switch  to  operate,  the 
110  percent  switch,  operates  at  from  .  105  to  110 
percent  and  is  a  safety  device  to  protect  the 
engine  from  overspeed.  When  this  switch 
operates,  the  fuel  holding  relay  is  deenergized 
and  the  engine  stops. 

The  principal  components  of  the  enclosure 
group  are  a  starter  relay,  generator  control 
panel,  and  an  engine  control  panel.  The  engine 
control  panel  provides  the  operating  controls 
and  instruments  for  monitoring  engine 
operation.    •  , 

Preoperational  Inspection 

' 

The  preoperational  Maintenance 
Requirements  Cards  require  a  thorough  visual 
inspection  of  the  unit,  and  it  should  be 
remembered  that  these  are  the  minimum 
requirements  prior  to  starting.  All  accessories, 
wiring,  tubing;  ducts,  and  fittings  are  inspected 
for  security  and  mounting.  Check  the  entire  unit 
for  evidence  of  fuel  or  oil  leakage;  if  leakage  is 
detected,  do  not  attempt. a  start,  as  a  serious  firp 
may  result.  ^ 

_  The  compressor  intakes  and  the  turbine 
exhaust  ducts  must  be  inspected  for  foreign 
material  or  other  obstructions.  Check  for  the 
proper  oil  level  in  the  oil  tank,  replenish  as 
required.  Chqck  for  adequate  fuel  supply  and  for 
security  of  fillercaps  and  connections. 

All  instruments  must  be  checked  for  zero  or 
normal  indication  as  appropriate,  and  for  fogged 
or  broken  glass.  On  indicators  which  have" 
range-marks,  check  for  the  marks  being  in  the 
correct  location.  The  bleed  air  connection  is 
checked  for  obstructions,  and  ftie  bleed  airhose 
is  inspected  for  torn  shi'-lding  and  for  holes;  the 
hose  clamps  are  also  checked  for  security  at  this 
time. 

The  battery  must  be  inspected  for  security 
of  the  clamp  assembly  and  terminals.  Connect 
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the  battery  and  check  for  a  minimum  reading  of 
24  volts.  (Inspection  of  the  battery  electrolyte 
and  specific  gravity  is  a  special  inspection 
performed  at  7-day  intervals.)  A  fire 
extinguisher  must  always  be  ayailable  if  the  unit 
is  to*  be  started.  In  the  case  of  the 
trailer-mounted  enclosure,  tha  fire  extinguisher 
is  mounted  in  a  special  mounting  and  must  be 
included  in  the  preoperational  inspection.  The 
fire  extinguisher  is  checked  for  proper  mounting 
and  for  security  of  the  seal. 

Starting 

After  the  preliminary  checks  and  inspections  i 
have  been  conipieted,  the  following  steps  are 
perfo-med:  (1)  manual  fuel  valve-OPEN;  (2) 
stop-run  switch-RUN;  and  (3)  bleed-load 
switch-OFF.  Then  momentarily  press  the  start 
switch  to  the  START  position. 

CAUTION:  If  difficulty  is  encountered  in 
starting;  do  not  exi:eed  the  duty  cycle  of  the 
starter- 1  minute  ON,  4  minutes  OFF. 

Wlicn  a  new  or  overhauled  unit  is  started,  or 
if  the  oil  lines  have  been  disconnected,  the  oil 
primer  button  must  be  pressed  as  the  unit  is 
started;  release  the  button  when  the  unit  liglits 
off.  Normal  governed  speed  should  be  reached 
within  15  to  20  seconds.  When  95  percent 
governed  speed  is  reached,  the  load  li^t  should 
glow  and  the  load  may  then  be  applied  if  desired 
by  placing  the  bleed-load  switch  in  the  ON 
position* 

Shutdown 

EMERGENCY. -Stop  the  engine 
immediately  by  depressing  the  stop-run  switch 
to  the  STOP  position  if  any  of  the  following 
conditions  are  observed:.  - 

1.  No  oil  pressure  within  10  seconds  after 
the  start  circuit  is  energized.  . 

2.  If  the  turbine  discharge  tcmp(5faturc 
exceeds  677'^  C  (1,250''  F)  for  a  period  ^cater 

.  than  5  seconds;  or  if  the  temperature  exceeds 
649'"  C  (1,200'"  F)  continuously  under  any 
operating  condition. 

3.  If- ignition  failure  occurs  (^lame-out),  to 
prevent  f  .:el  accumulation  in  the  turbine  section. 


NORMAL.-The  unit  requires  a  1  minute 
operating  period  under  no-load  prior  to  stopping 
in  order  to  allow  for  a  gradual  cooling  off.  A*"ter 
the  1 -minute  cooling-off  period,  place  the 
stop-run  swjtch  in  the  STOP  position.  When  the 
turbine^  stops  turning  turn  the  manual  fuel 
shutoff  valve  OFF.  The  unit  should  be  checked 
visually  for  any  discrepancies  and  fuel  and  oil 
levels. 

If  any  discrepancies  exist,  take  the  necessary 
steps  to  have  them  corrected  so  the  unit  will  be 
ready  for  use  when  it  is  needed  again. 
Disconnect  and  stow  the  air  -  hose,  etc., 
disconnect  the  battery,  and  secure  the  access 
panels. 

NOTE:  The  equipment  manual  for  the 
particular  gas  turbine  being  operated  should,  be 
consulted  for  proper  startin^;-and  shutdown 
procedures. 


SYSTEM  OPERATION 

(Refer  to  fig.  12-11.)  With  the  master 
(stop-run)  switch  in  the  run  position,  power  is 
available  to  the  start  switch,  through  the  load 
switch  m  its  OFF  position,  the  test  circuit  of  the 
load  light,  the  contacts  of  the  fuel  holding  relay, 
and  the  contacts  of  the  starter  and  ignition 
holding  relay.  Depressing  the  momentary 
contact  start  switch  energizes  the  coils  of  the 
fuel  holding  and  the  starter  and  ignition  holding 
relays:  The  fuel  holding  relay  energizes  the  oil 
solenoid  drain  valve,  the  fuel  side  of  the  oil 
pressure  ^switch,  the  normally  open  95-percent 
switch,  and  its  own  coil.  CJround  for  the  fuel- 
holding  relay  coil  is  through  the  normally  closed 
110-pcrcent  switch.  The  starter  and  ignition 
holding  r^jlay  energizes  the  starter  relay, 
acceleration  stabilizer  solenoid,  load  valve 
solenoid,  ignition  side  of  the  oil  pressure  switch, 
and  its  own  coil.  Ground  for  the  starter  and 
ignition  holding  relay  is  thro\igh  the  normally 
closed  35  percent  swtich.  The  starter  relay 
energizes  the  starter  motor  which  begins  rotating 
the  engine.  At  about  5.000  rpm,  rising  oil 
pressure  closes  the  oil  pressure  switch,  energizing 
the  fuel  solenoid  vaive  and  the  ignition  unit. 
Combustion  is  initiated,  and  the  engine  begins  to 
accelera'te  under  the  combined  drives  of  the 
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staj^er  and  combustion  until  ,  approximately 
15,000  rpm  (35  percent)  is  reached.  At  this  time 
the  35-percent  switch  opens  the  ground-circuit 
to  the  coil  of  the  starter  and  ignition-holding 
relay,  causing  it  to  open.  This  action  deenergizes 
the  starter  relay,  ignition  unit,  acceleration 
stabilizer  solenoid  and  the  load  valve  solenoid. 
The  engine  continues  to  accelerate  and  as 
approximately  42,000  rpm  (95,1  percent)  is 
reached,  the  95-percent  switch  closes,  energizing' 
the  load  light  (indicating  that  a  load  may  now.be 
applied),,  start  counter,  and  the  circuit  to  the 
load  switch.  The  engine  is  loaded  b^  placing  the 
load  switch  i;i-  the  ON  position.  This  energizes 
the  load  valve  solenoid  and  the  acceleration 
stabilizer  solenoid.  If  at  any  time  the  engine 
speed  reaches  105  to  110  percent,  the 
-110-percent  switch  opens,  opening  the  ground 
circuit  to  the  coil  orthe  fuel  holding  relay, 
causing  it  to  open.  The  action  deenergizes  the 
fuel  solenoid  valve,  and  the  bleed-^oad  valve 
circuit.  Fuel  flow  to  the  engine  is  stopped,  the 
load  valve  colses,  and  the  engine  is  shut  down. 

SYSTEM  FUEL  CONTROL 

Fuel  flow  to  the  engin^e  determines  engine 
rpm,  and  turbine  temperature,  and  must  be 
accurately  controlled^  During  starting  and 
acceleration,  fuel  is  controlled  by  the  fuel  pump 
and  control  unit,  ''cceleration  control 
thermostat,  and  fuel  atomizer  assembly.  Jhe 
pneumatic  portion  of  the  fuel  pump  and  control 
unit  functions  during  the  starting  cycle  to 
increase  fuel  pressure  in  relation  to  the  increase 
of  compressor  pressure  by  the  amount  of  fuel 
allowed  to  bypass,  thus  increasing  the, pressure 
applied  to  the  fuel  atomizer  assembly.  If  the 
turbine  temperature  exceeds  the  specified  value 
during  the  start  cycle,  the  acceleration  control 
thermostat  opqns  and  allows  mere  fuel  to 
bypass,  thereby  reducing  the  pressure  of  the  fuel 
applied  to  the  fuel  atomizer  assembly. 

The  fuel  atomizer  assembly  is  constructed 
with  a  dual  discharge  orifice;  this  arrangement 
includes  a  valve  called  a  flow-divider  valve  which 
remains  closed  at  low  pressure  (starting 
pressures),  and  opens  as  acceleration  increase  ., 
allowing  an  increase  of'  fuel  to  flow  at  higlier 


rpm.  The  correct  amount  of  fuel  is  supplied  to 
tlje  ^engine  and  is  properly  atomized  at  all 
speeds. 

GOVERNED  OPERATION 

After  the  engine  has  reached  a  steady  state, 
this  steady  state  condition' is  maintained  from 
no-load  to  full-load  (except  when  the  engine  is 
overloaded)  by  the  fuel  pump  and  control  unit. 
The  governor  of  the  fuel  pump  and  control  unit 
automatically  regulates  the  fuel  flow  fo  match 
the  power  demands  placed  upon  the  turbine 
wheel  maintaining  a  substantially  constant 
turbine  wheel  speed.  This  is  done  by  sensing  the 
speed  of  the  turbine  through  the  flyweights  of 
the  control  unit.  During  underspeed  condition, 
the  governor'  restricts  fuel  bypass  which 
increases  the  pressure  applied  to'  the  fuol 
atomizer  assembly  which  in  turn  increases 
turbine  speed.  To  compensate  for  an  overspeed^ 
condition,  fuel  flow  is  decreased  by  bypassing 
more  fuel  and  reducing  the  pressure  of 'the  fuel 
applied  to  the  atomizer  ^assembly.  A  serious 
overspeed  could  damage  the  engine;  thus,  it  is 
the  function  of  the  1 10-percent  switch  to  dlose., 
the  fuel  solenoid  shutoff  valve  and  cut  the 
supply  of  fuel  off,  stopping  the  engine  when 
overspeed  occurs.  ^ 

MAINTENANCE 

Maintenance  as  set  forth  in  the  Calendar 
Maintenance  Requirements  Cards  is  to  be 
performed  at  an  intermediate  level  maintenance 
activity.  The  reason  is  that  this  equipment  is  a 
precision  unit  that  requires  special  tools  and 
testing  devices  which  are  not  available  at  the 
lower  levels  of  maintenance.  The  areas  where  the 
work  is  performed  have  special  requirements  as 
to  cleanliness  and  power  availability.  The 
determining  factor  which  governs  the  intervals 
between  maintenance  performed  is  the  number 
of  engine  starts. 

At  time  of  engine  replacement,  the  crew  will 
be  required  to  operate  a  hoist  or  some  type  of 
chain  fall  when  hoisting  the  unit  out  of  its 
enclosure,  placing  it  ia  a  shipping  container,  and 
installing  a  new  unit  in  the  enclosure.  There  is 
no  specific  'hoisting  device  included  in  the 
instructions    given    in    the  maintenance 
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'•requirements  cards;  therefore,  the  crew  lea_der 
will  normally  assi^me  the  responsibility  for 
selecting  a  type  of  hoisting  device  that  will  allow 

-tl^s  operation  to  be  performed  with  maximum 
safety.  Removal  and  installation  of  these  units 
demand  an  alert  crew;  each  step  of  the  removal 
or  installation  procedure  must  be  performed  in 
strict  accordance  with  the  instructions  provided 
m  the  appropriate  manual  or  as  outlined  in  the 

'  mainienanc.e  requ^ments-cards  for  the  type  of 
unit  b^ing  maintained. 

The  special  lifting  adapter,  which  is  supplied 
with  t\ie  unit,  may  not  be  replaced  with  a 
substitiite.  These  adapters  are  made  for  use  with 
the  specific  unit,  and  substitution  can  causfe' 
imbalanc^e  during  hoisting,  or  may  be  the  cause 
for  the  iii^it  to  be  dropped,  with  possible  injury 
to  a  crewmember,  or  damage  to  the  unit. 

6learai>1pes 

\ 

'\  Axial  clearances  in  compressors  andLturbjnes 
as  published  in  appropriate  technical 
publications  'i^re  a  result  o*f  placement  of  shims 
and  spacers  when  the  unit  is  reassembled  after 
overhaul  or  repair.  The  thickness  of  the.  shims 
and  spacers  is  stated  in  the  Maintenance 
Instructions  Manual  for  the  p;»rticular  gas 
turbine  compressor.  Shims,  can  be  added  or 
removed  to  increase  or  reduce  the  clearances  to 
that  desired.  The  mdial  clearances  are  also  listed 
in  the  Mainlenanbe  Instructions  Manual, 

Another  impiprtant  check  when  assembling 
the  rotating  parts  of  the  gas  turbine  compressor 
is  the  balance  of  the  assembled  parts.  This  is 
done  on  a  standard  balancing  machine.  The 
procedure  is"  contained  in  the  Maintenance 
Instructions  Manual  and  is  usually  performed  by 
a  depot  maintenance  activity. 

TROUBLESHOOTirslG 

/  At  the  intermediate  maintenance  level,  the 
ASM    may    expect    to    be    a    part    of  a 
troubleshooting/maintenance  crew.  This  crew 
\fill  probably  consist  of  a  senior  AS  and  at  k\ist 
{ye  each  of  the  three  service  ratings  (ASE,  ASH, 
'^^SM).  When  n  .malfunctioning  unit  is  received,  a 
.^troubleshooting  crew  is  assigned  to  locate  the 
'^rouble,  make  the  necessary  repairs,  and  return 
^'the  equipment  to  an  operational  status. 

/  ' 


A  guide  to  common  engine  malfunctions, 
their  probable  causes,  and  an  appropriate 
.  rernedy  is  provided  in  the  maintenance  section 
of  the  Maintenance  Instructions  Manuat  Table 
12-1  presents  a  section  of  the  type  of 
troubleshooting  information  that  is  found  in  the 
manual.  The  tables  in  the  manual  do^not  cover 
all  of  the  possible  malfunctions,  but  should  be. 
used  as  a  guide  when  performing  corrective*, 
maintenance.,  • 

In  table  12-1 ,  the  appropriate  portion  of  t4ie 
.  main^tenance  Section  is  referenced  when  specific 
'  step-by-step  instructions  are  to  be  followed. 

A  '  useful  tool  in  troubleshooting  the  gas 
turbine  is  the  UiPUA4-l.  gas  turbine  engine 
anaiyzer.  See  figure  12-14.  This  analyzer  is  a 
portable  unit  with  instruments  which  can 
measure  speed,  exhaust  temperature,  oil 
temperature,  turbine  driven  ac  generator 
frequency  ,(GTCP  100  only),  electrical 
component  resistance  and  current,  and  dc  and  ac 
voltage   of  a   gas  turbine   compressor.  The 

analyzer's   hydraulic  .an:d  pneumatic  system 

provides  for  measurement  of  turbine  unit  oil  and 
fuel  pressure,  control  air  pressure,  and  for 
regulation  of  tufbine  unit  control  air. 

The  analyzer  provides  a  lightweight 
(approximately  50  pounds). ^sting  unit..  This 
unit  has  an  electrical  system  with  associated 
meters  and  indicators  and  also  a  hydraulic  and 
pneumatic  system  with  associated  gages  and 
controls.  The  purpose  of  the  testing  unit  is  for. 
checking  and  controlling  the  performance  of  gas 
turbine  compressor  units,  gas  turbine  power 
units,  combined  compressor  and  power  units, 
and  their  components. 

The  tachometer  indicator  has  two  dials  for 
,  speed  Granges  of  O'to  2,500  and  2,500  to  5,000 
rpm.  A  conversion  chart  attached  to  the 
analy/:er  cover  door  provides  conversion  factors 
for  turbir.r  unit  gear  ratios  for  determining 
turbine  unij  actual  speed.  For  example,  the  GTC 
85  has  a  ratio  al  tachometer  rpm  togas  turbine 
wheel  rpm  of  1  to  9.524.  Tliis  means  that  an 
indication  on  the  tachometer  of  4,000  rpm 
represents  38,096  rpm  of  the  gas  turbine  wheel. 

A  temperature  indicator  with  a  range  of  0° 
to  1,800°  indicates  ti'c  turbine  unit  exhaust 
temperature.  Tlie  oil  te\.iperature  can  be  rdad  on 
an  indicator  with  a  range  of  0°  to  1§0°C.  The 
frequency   reading  for  the  turbine-driven- ac 
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Table  12^1.-Ttouble$hooting  information  * 


Trouble 

Probabfe  cause 

/  Remedy 
 -1  

Rate     acceleration  too 
fast.  ^ 

Fyerpump  acceleralion  control 
bypass  valve  defective. 

^Replace  fuel  pump  and  control 
unit. 

Fuei'pump  governor  defective. 

Replace  fuel  pump  and  control 
unit. 

.Acceleration  and  overteixipera- 
ture'cohtrol  thermostat 
defective. 

D 

Block  off  thermostat.  Rests^ 
unit,  cfontrolUng  temperature  . 
with  speed  control  valve  on 
analyzer.   If  operation  normal, 
replace  thermostat- 

Acceleration  stabilizer  ahd%ad- 
.  justmeiit  orifice  defective. 

Check  for  proper  actuating. 
Replace  if  necessary. 

Failure  of  unit  to  start, 
with, start  attempt  not 
terminated  by  pressing 
stop  switch  at  end  of 
cyc^. 

♦ 

Starter  motor  assembly  failure.- 

^  *   

Reprice  starter  motor  assembly.  - 
tjheck  for  malfunction  tHat 
caused- cutoff  failure.  O^^serve  - 
starter  duty  cycle  limit. 

Centrifugal  switch  35-percent 

switch  defective,  failing  to 

cut  off  starter,. 

1 

If  starter  and  ignition  lights 
do  not  go  out  above  35  per- 
cent j  replace  centrifugal  ^ 
switch. 

Excessive  turbine  tempera- 
ture on  start. 

Acceleration  and  overtempera- 
ture  control  thermostat 
defective.       •  * 

Replace  acceleration  and  over- 
temperature  control  thermostat. 

Fuel  pump  acceleration  control 
bypass  valve  stuck. 

Replace  fuel  pump  and  control 
unit.       '  ' 

Smoke  emitted  for  short 
time  after  start. 

Excessive  oil  in  systism  or  oil 
tank. 

Drain  oil  to  proper  level.; 

Oil  piimp  check  valve  leaking. 

Check  and  clean  check  valve. 

Scavenge  oil  pump  defective. 

Replace  oil  pump  assembly. 

Excessive  oil  smoke  from 
.  unit  or  tank  yertt  during 
operation. 

✓ 

Accessory  case  veni  plug 
loose,  \ 

VisuaUy  check. 

'\ 

Oil  Cooler  leak.                  <  - 

Visually  check. 

O-ring  packing  failure  on  oil 
jet  and  vejit  tubes;  oil  draih 
aod  vent  tube;  turbine  end 
drain  connection. 

Remove  parts. and  check  O-ring 
packing.  ' 

Oil  drain  solenoid  valve  do- 
f -ctive. 

Check  valve  coil  for  normal 
resistance  on  ohmmeter. 
Replace  if  abnormal. 

Turij,  .le  plenum  drain  check  ' 
valve  isticking  closed. 

"Clean  or  replace  check  valve. 
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Figuie  12-14.--Gas  turbine  engine  analyzer  assembly. 
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generator  is  indicated  on  a  frequency  meter  with 
a  range  of  380  to  420  Hz.  An  ohmmeter 
provides  resistance  readings  lor  turbine,  unit 
components.  A  dc  ammeter  and  voltMeter^ 
provides  current  readings  for,  turbine  unit 
electrical  Qomponents.  An  a  jltmeter  provides 
voltage  readings  for  the  turb^.  e  driven  alternator. 
Each  indicator  is  provided  with  two  jacks  to 
permit  connection  to  the  appropriate  circuit  in 
the  turbine  unit.  Since  the  analyzer  is  a  ^nsitive 
monitoring  .device,  care  must  be  taken  ,to 
operate  it  properly.  Be  sure  to  study  the  turbine 
.unit  maintenance  manual  before  using  the  test^^r. 
/ 


Mal^e  certain  you  are  thoroughly  trained  in  the 
correct  use  of  the  analyzer  before  using  it  on 
your  own.  This  tester  requires  periodic 
calibration  to  ensure  that  it  is  operating 
properly.  Be  sure  to  check  the  calibration  sticker 
for  currency  before  testing  the  unit.  Tliis  step  is 
frequently  overlooked. 

GENERAL  CLEANING 
PROCEDURES 

Electrical  parts  may  be  cleaned  with  a  soft 
cloth  dampened  in  solvent  of  the  type  specified 
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only.  When  using  a  solvent,  the  technician  must 
be  sure  to  keep  the  area  well  \''ntilated  and 
avoid  breathing  the  fumes.  He  must  also  keep 
away  from  flames.  A  clean,  dry,  soft-bristle 
brush  may  also  be  used.  Metal  parts  and  tube  | 
assemblies  may  be  cleaned  by  dipping  the  part  in  ; 
solvent  when  required,  flien  drying  thoroughly  I 
with  clean  compressed  air.  Air,  fuel,  or  oil 
passages  in  removed  components  may  be  blown 
clean  with  compressed  air,  but  care  must  be 
exercised   to  direct  the  airblast  away  from 
personnel  and  equipment, 
p      Re  moval  of  hard  carbon  deposits  from  gas 
turbine  unit  components  may  be  accomplished 
by  using  one  of  the~  approved  decarbonizing 
agents.  Consult  the  appropriate  maintenance 
Instructions  for  removal  of  carbon  deposits.  Use 
of  sandpaper,  wire  bristle  brush,  or  scrapping 
tools  is  strictly  prohibited.  When  considerable 
time  will  elapse  before  use  of  the  parts  cleaned, 
they  should  be  placed  in  clear  plastic  bags  to 
prevent  corrosion  and  contamination  by  dirt  or 
dust.  '  \ 

MINOR  REPAIR  AND 
ADJUSTMENT 

Most  repairs  to  tha  gas  turbine  compressor 
*  jnyolyv^.j|xt\j[pjaiQyuJ--oLniajor.^ 
unit.  This  consists  principally  of  the 
discoiinection  of  the  electrical  and  tubing 
connectors,  removal  of  attached  hardware;  and 
withdrawing  the  component  from  the  unit.  All 
removals  should  be  accomplished  in  keeping 
with  good  shop  practice. 

Sonic  parts  require  only  minor  repair  which 
consists  of  inspection,  repair,  and  cleaning  of 
faulty  components.  Thj  next  paragraphs  give 
instructions  for  m:r;or  repairs  and  adjustments 
k)  the  GTC  85  gas  turbipe  compressor. 

The  replacement  of  the  accessory  assembly 
main  drive  gear  bearing  carrier  seal  (2,  fig. 
12-15)  requires  removal  of  the  generator  and  the 
screws  and  washers  attaching  the  carrier 
assembly.  To  hold  the  gears  in  place,  press  your 
thumb  against  the  end  of  the  main  drive  gear 
shaft  and  remove  the  carrier  assembly  and  sea]. 
When  removing  shims  and  packing,  record  the 
thickness  and  number  of  shims  for  reassembly: 
Press  the  old  seal  off  the  carrier^assembly  *.  p-'css 


the  new  seal  on  the  carrier  assembly. 
Reassemble,  making  sure  the  same  thickness  of 
shims  are  used. 

The  fuel  filter  element  (23,  fig.  12-15)  may 
be  removed  by  unthreading  the  filter  cap  from 
the  body  of  the  fuel  pump  and  control  unit  and 
removing;  the  packing,  filter  s^pring,  filter 
element,  aid  filter  guide.  Clean  the  filter  cap 
and  *-'\t*  guide  in  solvent  and' dry  thoroughly. 
Insp  ;  »^  clement  carefully  for  any  indication 
of  uain^- :  or  inipcri'ection  and  replace  if 
necessai  / . 

To  jlcan  the  fuel  atomizer  assembly  (fig. 
12-9  soak^it  in  solvent  and  dry  i\  thoroughly 
with  compressed  air.  Do  not  use  sandpaper  or 
other  abrasive  to  clean  the  atomizer  head 
because  alteration  of  the  fuel  spray  pattern  may 
result. 

Tlie  seal  for  the  fuel  pump  and  control  unit 
govciTior  |fig.  12-16  can  'be  replaced  ^hy> 
removing  the  screws  and  washers  attaching  the 
cover  assembly,  coyer  assembly  packing,  and 
spring.  A  puller  ni-.st  be  used  to  remove  the 
governor  cage  with  governor  sleeve  and  shaft 
assembled  and  the  carbon  seal.  The  packing  can 
now  be  removed  and  replaced.  Press  a  new 
carbon  seal  in  place  avoiding  contact  with  the 
carbon  ring  face  when  pressing  in  place. 
Reinstall  the  governor  cage  with  assembled 
-^leeve"--iJrrd"-shTtft  7n'-;h0"asirtg;^ny*'"m^ 
spring,  npw  packing,  and  the  governor  cover 
assembly.  To  adjust  the  fuel  pump  and  control 
unit  governor,  first  loosen  the  nut  on  the 
aajusting  screw  located  on  the  governor  cover 
assembly.  Next  turn  the  adjusting  screw 
clockwise  to  increase  governor  speed  or 
counterclockwise  to  reduce  governor  speed  and 
tighten  the  rtut. 

To  replace  the  acceleration  limiter  valve 
diaphragms,  remove  scretVs  and  nuts  attaching 
the  •  cover  assembly  and  remove  the  cover,< 
assembly.  Next  remove  the  packing,  spacer,  nut, 
spring,  spring  .•-•^at,  diaphragm  assembly,  and  pin 
and  .separate  the  retainer  from  the  diaphragm.. 
Reassernble  the  acceleration  limiter  valve  in 
reverse    order    of   disassembly    using  new^ 

.  diaphragms  and  packing.  To  adjust  the 
acceleration    limiter    valve,    begin  by 

,  disconnecting  the  /liel  line  at  the  atomizer 
assembly  and  attach  the  fuel  line  tQ  .a  suitable 
fuel  pressure  gage  of  0  :o  100  psi  range  with  1 .00 
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^4  (SU 

23-^—'*^ 


i 

Generator.  ^ 
21  Seal^ 

•3i  Carrier  assembly— main 

drive  gear  bearing. 
4.  Packing— generator  adapter. 
5*.  Shlni— generator  adapter. 

6.  Shim—generator  adapter. 

7.  Housing— accessory. 

8.  Motor— starter. 

9.  Switch— centrifugal. 
10.  Cover— tachometer-* 

generator  pad. 


11.  Gasket. 

12.  Retainer. 

13.  Seal— oil  pump  shaft. 

14.  Packing. 

is.  Case— oil  filter. 

16.  Element— oil  filter. 

17.  Packing— O-ring. 

18.  Packing— O- ring. 

19.  Pump  assembly— oil. 

20.  Valve— oil  drain  solenoid. 
2i:  Cap— fuel  filter. 

22.  Spring— fuel  pump  filter. 


23.  Element— fuel  pump  filter.*, 

24.  Packing— O- ring.  j 

25.  Packing— 0-ring.  ! 

26.  Pump  and 'Control  ! 
•  unit— fuel.  j 

\  27.  Seal— accessory  assembly  | 
oil  pump  shaft.  /  ^ 

28.  Retainer. 

29.  Gasket. 

30.  Insula:or. 

31.  Gasket. 

32.  Bracket— mounting. 


Figure  1 2-1 5.— Accessory  sqction. 
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U  Cover  assembly— governor. 

2.  Packing. 

3.  Spring. 

4.  Cage— governor. 

5.  Seat. 

6.  Packing. 

7.  Pump  and  control  unit— fuel. 

8.  Valve— acceleration  limiter. 
Diaphragm-acceleration  limiter  valve. 

lo!  Retainer— acceleration  limiter  value  dia- 
gram. 
11.  Pin. 


12.  Diaphragm— fuel  pump 

and  control  unit. 

13.  Seat— spring. 

14.  Spring. 

15.  Retainer— spring. 

16.  Spacer— cover. 

17.  Packing. 

18.  Screw— adjusn  :g. 

19.  Packing— 0-1- i*g. 

20.  Cover. 

21.  Washer. 

22.  Nut. 
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Figure  12-16.-Fuel  pump  and  control  unit. 


364 


373 

EKLC 


Chapter  12-GAS  TURBINE  COMPRESSORS 


psi  increments.  Now  disconnect  the  pneumatic 
control  line  from  the  acceleration  contro|  port 
on  the  fuel  pump  and  control  unit.  Press  the 
start  switch  and  wait  until  the  motor  unit  speed 
levels  off  and  note  the  fuel  pressure  indication  on 
the  spressure  gage.  The  fuel  pressure  must  be 
between  46.0  and  48.0  psig.  After  loosening  the 
nut  on  the  adjusting  screw,  turn  •  the  screw 
clockwise  to  increase  fuel  pressure  and 
counterclockwise  to  decrease  fuel  pressure  as 
necessary  to  meeti^rescribed  limits.  To  complete 
the  adjustment,  tighten  ,  the  adjusting  nut, 
remove  the  fuel  pressure  gage,  connect  the 
pneumatic  control  line  to  the  fuel  pump  and 
control  unit,  and  connect  the  fuel  line  to  the 
atomizer  assembly. 

To  replace  the  oil  filter  element  (16,  fig. 
12-15)  remove  the  filter  case  from  the  oil  pump 
assembly  and  after  removing  the  filter  element, 
wash  the  case  with  solvent  and  blow  dry  with 
filtered  compressed  air.  Before  a  new  cylindrical 
filter  element  is  installed  inspect  the  case 
carefully  for  any  damage  or  imperfections.  Also 
inspect  the  packings  and  replace  if  necessary. 

The  replacement  of  the  accessory  assembly 
oil  pump  shaft  seal  (2/,  fig.  J  2^1 5)  can  be 
''"accSmpnsfie^d'^^^^^  fucfpump  and 

fuel  control  unit.  This  is  necessary  in  order  to 
gain  access  to  the  oil  pump.  Now  remove  the  oil 
pump  assembly  and  take  out  the  seal  and 
retainer.  The  mechanical  seal  puller  should  be 
used  to  preclude  damage  to  the  shaft.  Install  the 
new  seal  with  the  installing  tool  and  reinstall  the- 
oil_pump  assembly  and  the  fuel  pump  and 
control  unit. 

The  procedure  for  adjustment  of  the 
acceleration  stabilizer  and  adjustable  orifice 
assembly  requires  that  the  cap  be  rerftoved  from 
the  tee  located  adjacent  to  the  acceleration 
stabilizer  and  adjustable  orifice  assembly 
solenoid  valve  and  install  a  fiex-line  with  a 
calibrated  0  to  30  psi  pressure  gage.  Next,  start 
the  unit  normally  and  run  at  no-load  governed 
speed  for  at  least  1  minute  to  allow 
temperatures  and  pressures  to  subilize.  To 
determine  the  correct  no-load  control  pressure 
for  the  current  ambient  temperature,  use  the 
chart  in  figure   12-17.  If  the  indicated  gage 


pressure  is  not  within  the  maximum-minimum 
band  on  the  chart,  adjust  the  screw  in  the 
adjustable .  orifice  assembly  adjacent  to  the 
acceleration  limiter  solenoid  valve  in  a  clockwise 
direction  to  increase  the  control  air  pressure  or 
in  a  counterclockwise  direction  to  decrease  the 
pressure.  Next,  shut  down  the  unit,  remove  the 
.  flex-line  with  gage,  and  reinstall  the  cap  on  the 
tee. 

After  the  adjustment  of  the  acceleration 
stabilizer  and  adjustable  orifice  assembly,  the  . 
unit  needs  checking.  If  the  unit  fails  to 
accelerate  to  30-percent  rated  speed  after  start, 
shut  it  "down  immediately.  Disconnect  the 
electrical  connector  at  the  oil  pressure  switch 
assembly,  start  the  unit,  and  check  all  control  air 
tubing  assemblies  and  fittings  for  leaks.  While 
.  the  unit  is  running,  place  your  finger  over  the 
two  bleed  holes  ih  the  adjustable  orifice 
assembly.  Leakage  through  these  holes  indicates 
a  defective  acceleration  limitfer-'solenoid  which  * 
should  be  replaced  and  rechecked.  The  duty 
cycle  of  the  starter  is  1  minute  on  and  4  minutes 
off.  When  the  unit  makes  a  satisfactory  start  and 
will  accelerate  to  30  percent  rated  speed,  but 
will  not  exceed  that  speed,  cUeck  all  control  air 

 tubing  assemblies  and. fittjMs^foE^l^^ 

foreign  material.  Repair  leaks  or  replace  tubing 
and  clean  away  any  unnecessary  material.  When 
adjustment  requirements  and  checks  are 
complied  with  and  the  unit  still  fails  to  start,  the 
starting  difficulty  must  be  attributed  to  other 
causes.  Consult  the  Maintenance  Instructions 
Manual  for  further  information. 

To  adjuit  the  starter  motor  clutch,  remove 
starter  motor  assembly  (8,  fig.  12-15).  To 
prevent  any  rotation  of  the  starter  armature, 
install  the  starter  motor  assembly  in  a  suitable 
holder  (fig.  12-18).  Using  an  adapter  for  the 
torque,  wrench,  check  the  slip  torque.  Slip 
torque  must  be  between  100  and  110 
inch-pounds.  If  the  slip  torque  is  not  within 
these  limits,  remove  the  retainer  and  all  parts 
but  the  washers.  Add  or  remove  washers  to 
obtain  the  desired  torque.  Last,  reassemble  the 
starter  motor  and  reinstall  on  the  accessory 
housing. 

For  testing  the  gas  turbine  compressor  to 
make  sure  that  the  unit  adheres  to  a  given  set  of 
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Figure  12-1 7. -Temperature  curve  for  setting  acceleration  stabilizer  and  adjustable  orifice  assembly. 
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Figure  12-18.-Checking  clutch  slip  torque. 


operational  and  functional  requirements  when 
subjected  to~  a  specified  set  of  operating 
conditions,  a  test  stand  is  used.  The  test  stand 
incorporates  test  setups  such  as  shown  in  figure 
12-19.  The  test  stand  should  be  designed  so  that 
all  sides,  top,  and  bottom  of  the  unit  are  readily 
accessible  and  so  arranged  that  exhaust  gases  do 
not  enter  the  compressor  air  inlet.  Vibration 
isolation  mounting  should  be  provided  between 
the  unit  and  points  of  attachment.  Complete, 
accurate  records  should  be  kept  of  all  test 
information,  and  a  separate  set  of  records  should 
be  used  for  each  unit  and  kept  as  a  permanent 
record  of  the  unit.  The  required  values  for  each 
test,  if  not  specified,  must  be  individually 
determined  as  outlined  in  the  instructions  and 
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entered  on  the  record  sheets.  Tiie  test  st^:  d  is 
also  used  for  run-in  ^fter  overhaul. 

NOT;-.  The  following  reic»*ences  will  assisi 
the  ASM  in  perf(  'ii:iag  niaiiiten^iice  on 
turbine  engines. 

1.  NAVAIR  19-105B-1 2,  Pneumatic  Power 
Gas  Tuf^bine  Engine,  Model  No. 
GTC^<^72. 


Figure  12-19.— Fuel,  oil,  and  pneumatic  S£ctt^:»p  uit  setup. 

2 


NAVAIIv  )9'-i05B-30,  Pneumatic  and 
Shaft  Po.'  '  Gas  Turbine  Engine, 
GTCP 100-54. 

3.  NAVAIR''  19-105B-36,  Compressor 
Power  Units  NCPP-IOS.  . 

4.  NAVWEPS  19-105BC-1,  Gas  Turbine 
Engine  Analyzer. 

5.  NAVAIR  07-1-503,  Cleaning  Materials 
for  Naval  '  eapons  Systems  Maintenance 
and  Overhaul  Operations. 
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Mobile  air  conditioners  are  ^  primarily 
aesigned  to  remove  the  heat  produced  by 
onerating  electronic  equipment  and  to  reduce 
the  hmidily  within  electronic  equipment  spaces 
while  th-^  aircraft  is  undergoing  maintenance, 
thereby  limiting  the  ambient  (surrounding) 
temperature  md  humidity  wiihin  the  aircraft  to 
the  level  i^pecified  for  the  equipment. 

Air  conditioning  encompasses  more  than  the 
transfer  of  heat  from  one  place  to  another. 
/\Jthoii£'{i  it  is  usually  thought  of  as  a  lowering 
of  teirperaiL.e,  lir  can  be  conditioned  by 
cooling,  heating,  'iltering,  or  dehumidifying. 
Modern  mobile  air  conditioners  are  designed  to 
accomplisl^  all  of  these  to  condition  aii  for 
electroni  eqUip,  .:v<  spaces  ,  within  ri?val 
"aircr^ift. 

Mobile  air  conditiowers  are  referred  to  as 
mechanical  r^*>  ,,eration  systems  ause 
mechanical  meL>  .  are  used  to  cir^-  ate  a 
refrigerant  throv  \  a  closed  system  to 
accomplish  :  .;.*at  transfer. 

Basically,  the  purpos-^  of.  refrigeratio- 
systems  is  I* eat  ■  ran.sfT.  Tc  understand  the  basic 
principles.  ^'  •  i  "rigpration,  .  a  dv^fir-UJ 
understanding  f  ine  relaronship  of^i^nt, 
temperature,  and  pressure  is  mandatory. 

The  NR-5C  and  NR-10  air  conditioners  are 
used  in  tliis  '^hap^t^r  V  the  tvpical  equipment 
used  ashore  and  afloat. 


YERN  kNOLOGV. 

In  the  study  of  refrigerati  t.  and  air 
conditioning,  it  is  esse'ntial  that  the  meani..g  of 


cei*^ain  terms,  as  they  are  applied  to  refrigeration 
and  air  conditioning,  be  understood.  The  terms 
listed  and  defined  here  apply  to  any 
refrigeration  u:  air-conditi'ming  ^ystem  of  the 
mechahital  type* 

■  1.  BRITISH  THERMAL  UNIT  (Btu).  The 
amount  of  heat  required  to  produce  a 
temperature  ch^^nge  of  l'^  F  in  1  pound  of  water 
at  sea  bvel  pressure. 

2.  CHANGE  OF  St  ATE.  The  change  o'f 
any  matter  from  one  s'li^e  (solid,  liquid,  or 
vapor). to  another. 

;  3.  COMPRESSION.  The  act  of  increasing 
the  pressure  and  temperature  of  a  substance  by 
decreasing  its  volume. 

1^.  CONDLKSATION.    The    process  by 
which^a  vapor  changes  statg  to  a  liquid  when 
heat  is  ?cmovcd   from  the  vapor,  or  when 
„  ,pre:  s'.iro  is  increased  on  the  vapor. 

5.  CONDUCTION.  Heat  transfer  from 
molecule  to  molecule  within  a  substance  or 
oevwo£;n  two  substances  that  are  in  physical 
contact  with  each  other. 

6.  CONVECTION.  Heat  transfer  through 
some  eas  ily  circulated  medium  (usually  liquid  or 
t'linor)  As  the  medium  moves,  it  carries  with  it 

containijd  heat  energy,  which  is  then 
janferred  to  the  surroundings. 

T.CYCL"^.  -The  complete  cbursc'  of 
operation  of  a  refrigerant,  from  starting  point 
back  to  starting  point,  in  a  closed  refrigeration 
system.  " 

8.  DEHUMIDIFY.  To  reduce  the  quantity 
of  water  vapor  in  a  given  space'. 

.9.  EVAPORATION.  The  process  by  which 
u  liquid  changes  state  to  a  vapor  when  heat  is 
added  to  the  liquid,  or  when  pressure  is 
decreased  on  the  liquid. 
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10.  HEAT.  A  basic  form  of  energy  which  is 
transferred  by  virtue  of  a  temperature 
difference.  Heat  always  flows  from  a  hot  object 
to  a  cold  object,  and  the  greater  the  temperature 
difference,- th,e  faster  the  flow.  Heat  cannot  be 
niianufactureiJ  br  destroyed— only  transferred.  ^ 

1 1 .  HEAT  OF  CONDENSATIOlNJ.  The  latent 
heat  given  up  by  a  substance  as  it  changes  state 
from  a  vapor  to  a  liquid. 

12.  HEAT  OF  FUSION.^  The  latent  heat 
absorbed  as  a  substance  changes  state  from  a 
solid  to  a  liquid. 

13.  HEAT  OF  VAPORIZATION.  The  latent 
heat  absorbed  by  a  substance  as  it  changes  state 
from  a  liquid  to  a  vapor. 

14.  LATENT  HEAT.  Heat  applied  to,  or 
removed  from,  a  substance  which  causes  a 
oh::  1  Age  in  the  physical  state  of  the  substance, 
but  not  in  .its  temperature. 

15.  LOAD.  The  amount  of  heat  imposed 
upon  a  refrigeration  system  in  a  specified 
amount  of  time'',  or  the  required  rate  of  heat 
transfer,  expressed  in  Eftu.  per  hour. 

16.  PRESSURE.  .  Force    per    unit  area, 
measured  in  pounds  per  square  inch;  pressure  is 
^rectly  proportional  to  temperature. 

17.  REFRIGERATION  TON.  The  transfer 
of  heat  at  a  rate  of  288,000  Btu  in  24  hours 
(12,000  Btu  in  1  hour). 

1 8.  SENSIBLE  HEAT.  Heat  applied  to,  or 
removed  from,  a  substance  which  causes  a 
change  in  the  temperature  of  the  substarvce,  but 
not  in  its  state. 

19.  SUPERHEAT.  Heat  added  to  a  vapor 
above  the  boiling  point  of  the  liquid  which 
produced  the  vapor.  The  vapor  and  the  liquid 
must  be  separated  before  the  vapor  can  be 
superheated. 

20.  TEMPERATURE.  A  measure  of  the  heat 
intensity  or  concentration  of  heat  (thermal 
energy)  in  a  body  or  substance,  measured  in 
degrees. 

21.  VACUUM.  Any  pressure  less  than 
atmospheric  pressure. 

22.  VAPOR.  Gaseous  form  of  any  substance. 
Vapor  condenses  very  readily  to  a  liquid  state 
under  small  changes  of  temperature  or  pressure, 
or  both.  It  may  be  said  to  be  very  close  to  the 
liquid  state,  although  it  is  a  vapor. 


REFRIGERANTS 

A  refrigerant  is  a  substance  that  can  easily  be 
changed  from  a  liquid  state  to  a  vapor  state. 
Ideally,  it  is  a  substance  having  a  low  boiling 
^point  and  the  capability  to  absorb  and  carry 
4  heat  at  a  low  temperature  and  to  transfer  this 
heat  to  a  cooling  medium,  either  air  or  water,  as  ' 
it  condenses. 

Most  refrigerants  in  use  "  today  require 
comparatively  low  pressures  in  .the  system;  thus, 
equipment  does  npt  require  heavy  constilaction, 
and  leaking  tendencies  are  reduced  to  a 
minimum. 

In  order  to  prevent  confusion  and  to  provide 
for  standardization  among  users,  all  refrigerants 
are  assigned  numbers  rather  than  trade  names, 
and  are  referred  to  as  refrigerant  12,  refrigerant 
22,  etc. 

The  two  most  commonly  used  by  the  Navy, 
refrigerant  l  l  and  refrigerant  22,  are  discussed 
in  this  manual. 

REFRIGERANT  12 

^  Research  fonthe  perfect  refrigerant  resulted 
in  R-12;  it  approaches  that  ideal  more  ..an  any 
other  so  far  discovered.  Its  chemical  name  and 
symbol,  dichlorodifluromethane  (CCl2r2); 
indicate  that  R-1 2  contains  one  part  carbon,  two 
parts  chlorine,  and  two  parts  fluorine. 

.At  atmospheric  pres§ure,  R-12  boils  at 
+21.7°F.  and  its  latent  heat  of  vaporization  at 
atmospheric  pressure  is  about  72  Btu  per  pound; 
that  is,  as  R-12  changes  state  to  a  vapor  at 
atmospheric  pressure,  it  absorbs  72  Btu  per 
pound. 

Some  of  the  advantages  of  R-1 2  are: 

1.  It  is  nonflammable,  nonexplosive,  and 
noncprrosive. 

2.  Its  vapok  is  nontoxic. 

3.  At  the  low-pressure  point  of  its  cycle,  it 
operates  at  pressures  slightly  above  atmospheric 
pressure,  chus  minimizing  the  possiblity  of  air 
entering  the  system. 

4.  At  the  high-pressure- point  of  its  cycle, 
pressure  is  comparatively  low,  allowing  the  use 
of  iightweight'equipment. 
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refrige;.ant  22 

R-21:,  like  P*'2,  is  a  member  of  the 
fluorinated  hydrocarbon  family.  Its  chemical 
Tiame  and  symbol,  mbnochlorodifluoromethane 
(CHCIF2),  indicate  that  R-22  contains  one  part 
carbon,  one  part  hydrogen,  one  pai-t  chlorine, 
and  two  parts  fluorine. 

At  atmospheric  pressure  R-22  boils  at -41° 
F,  and  its  latent  heat  of  vaporization  is  about  92 
Btu  per  pound.  This  capability  to  absorb  great 
amounts  of  heat,  combined  with  its  low  boiling 
point,  mades  R-22  a  very  good  refrigerant  for 
use  in  systems— of— high-capacity  and  very  low 
temperatures,  such  as  refrigerators,  freezers,  and 
modem  compact  air  conditioners. 

R-22  requires  higher  pressures  in  its  cycle 
than  R-12  and,  consequently,  slightly  heavier 
construct iory  of  system  components.  With  this 
exception^ll  of  the  advantages  associated"*with 
R-12  also  apply  to  R-22.  ^ 

One  inherent  disadvantage  which  is  shared 
by  both  of  these  refrigeriants  is  the  capacity  to 
absorb  water,  making  the  use  of  chemical  driers 
mandatory  to  prevent  fre^zeupS  of  the 
expansion  valves: 

REFFdCERATION  CYCLE 

Tae  refrigeration  cycle  is  divided  into  two 
pressure  sections,  the  high-pressure  side  and  the 
low-pressure  si.ie.  The  dividing  lines  between 
these  two^^^'.tssure  areas  are  the  compressor  and 
the  thermai-expaiis^On  valvf  .  as  shown  in  figure 
13-1. 

As  the  re-Vigeraiit  tlows  through  the  system, 
it  assumes  fo  u"  different  and  distinct  states. 

1 .  Low-;>ressure  vapor. 

2.  High-pressure  vapor. 

3.  High-pressure  liquid. 

4.  Low-pressure  liquid. 

As  shown  in  figure  13-1,  the  high  side  .starts 
as  the  pistons  in  the  compressor  compress  the 
vapor  and  force  it  out  through  the  compressor 
'  clkscharge  valves.  As  the  pressure  of  the  vapor  is 
increased,  its  temperature  is  also  increased, 
thereby  becoming  superheated  vapor.. 


When  the  hot,  high-pressure  vapor  leaves  the 
compressor,  it  flows  directly  to  the  condenser 
coiL 

The__hot  vapors  from  the  compressor  enter 
the  condenser  at  the  top.  Cooling  air  is 
circulated  over  the  condenser  coiL  by  the 
condenser  fan.  As  the  refrigerant  cools,  giving  up 
the  latent  heat  of  condensation  to  the  condenser 
tubes  where  it  is  transferred  to  the  cooling  air' by 
conduction,  it  changes  state  into  a  liquid  and 
drains  through  an  outlet  fitting  in  the  bottom  of 
the  condenser.  As  the  liquid  passes  through  the 
bottom  set  of  tubes,  its  temperature  is  lowered 
below*!  the  condensing  temperature.  This  is 
known  as  subcboling.  Subcooling  ^  of  the 
refrigerant  increases' the  capacity  of  the  unit  by 
allowing  the  refrigerant  to  absorb  a  greater 
amount  of  heat  before  reaching  the  point  of 
vaporization. 

From  the  condenser  coil,  the  high-pressure 
liquid  refrigerant  flows  to  the  liquid  receiver, 
which  acts  as  a  reservoir  for  the  liquid  refriger- 
ant, and  forms  a  liquid  seal  on  the  liquid  line  to 
prevent  backflow  when  the  unit  is  shut  down. 

After  leaving  the  receiver,  the  high-pressure 
liquid  refrigerant  flows  to  the  thermal  expansion 
valve.  As  the  refrigerant  is  metered  and  passes 
through  the  thermal  expansion  valve,  it 
undergoes  a  change  in  pressure,  becoming  a 
low-pressure  liquid.  This  is  the  beginning  of  the 
low-pressure  side  of  the  system.  As  pressure  on 
the  refrigerant  is  decreased^  its  boiling  point  is 
correspondingly  decreased. 

The  low-pressure  liquid  then  enters  the 
evaporator  coil.  At  the  evaporator  coil,'-heat  is 
transferred  by  conduction  from  the  air  to  be 
conditioned  to  the  coils  of  the  evaporator  and 
then  to  the  liquid  refrigerant  within  the 
evaporator,  thus  beginning  a  change  of  state  of 
the  liquid  refrigerant  into  a  vapor.  The  heat 
absorbed  by  the  refrigerant  within  the 
evaporator  is  kno'wn  as  the  latent  heat  of 
vaporization.  The  refrigerant  is  now  a  mixture  of 
liquid  and  vapor  and  continues  through  the 
evaporator,  abso^ing, more  heat  and  changing 
all  the  liquid  to  vapor.  Tlie  change  of  state  is 
oow  complete  and  the  vapor  will  be  superheated 
as  it  passes  on  through  the  evaporator. 

After  leaving  the  evaporator,  the 
low-temperature,  low-pressure  vapor  is  returned 
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to  the  suction  side  of  the  compressor, 
completing  the  cycle.  ^ 

This  cycle  is  repeated  as  long  as  the 
compressor  is  operating.  As  can  be  seen  from  the 
description  just  given,  the  basic  refrigeration  or 
air-conditioning  ^  cycle  is  compression, 
condensation,  expansion,  and  evaporation.  The 
flow  in  a  basic  system  is  fxpm  the  compressor, 
through  the  condenser  co1l,  to  the  receiver, 
through  the  expansion  valve,  through  the 
evaporator  coil,  and  back  to  the  coinpressor. 


MAJOR.COMPONENTS ; 


CENTRIFUGAL 


Compressor  ......  ^ 

Compressors  used  in  refrigeration  and 
air-cpnditioning  units  have  but  one  purpose-to 
withdraw  the  heat-laden  refrigerant  vapor  fro'm 
the  evaporator  and  compress  the  vapor  to  such 
an  extent  that  it  will,  by  cooUi3g;:only  a  fcw_ 
degrees,  liquify  in  the  condenser 4 Tlic^esign  qf 
thb  compressor  depends  upon  the  application 
and  type  of  refrigerant  used  in  the  systt^m.  There 
are  three  types  of  cofnpressoiis,/  classified 
accord  Tng  to  their  pr  inciple  of 
operation-reciprocating,  rotary,  and  centrifugal. 
(See  fig.  13-2.) 

^  /i 

•  The  function  of  the  conipressc^r  is  the  same 
for  all  three  types,  but  the  mechanical  means 
used  to  accomplish  this  function  differ 
considerably.  The  only  type  discussed  in  this 
manual  is  the  reciprocating,  since  this  is  the  type 
-used  on  the  Mobile  air  conditioners  the  ASM  ii 
required  to  troubleshoot  and  maintain. 

Reciprocating  compjrcssor;i^  used  in  air 
conditioning  arid  refrigeration /are  designated  as 
either  open,  semihermetic,  or  licrmetic. 

The  open  type  of  compressor  (fig.  1_^3)  is 
driven,  from  an  external  power  source  jMong\y 
belts,  gears,  or  a  flexible  coupling;  and  is 
used  on  mobile  air  conditioners  which  are 
powered  by  a  gasoline  or  diesel  engine. 

The  semihermetic  type  of  compressor  (fig. 
'13-4)  is  a  motor-compressor  combination 
enclosed  within  £l  common  housing.  It  is 
provided  with  access  plates  and  can  be  serviced 
•  in   the   field  if  necessary.   It  is  'capable  of 


RECIPROCATING 


ROTARY 


'      Figure  13'2.-Compressor  types: 


225.1 


372 


381 


/ 


Chapter  13-^AIR  CONDITIONERS 


225.180 

Figure  13-3.— Reciprotating  open  compressor.  ' 
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I  '  *  225 J  81 

Figure  13-4.— Reciprocating  semihermctic  compressor. 

■  V. 

maintaining  a. larger  volunTC  of  refrigerant  flow. 
:than  an  open  type  of  the  same  size  because  it 
and  its  Electric  /  driving  motor  opjerate  on  a 
Common  shaft  and  at  tbe  same  speed.  ITiis  type 
ef  compressor,  in  multicylinder  versions  (4„or 


6),  is  used  on  mobile  air  conditioners  that  are 
electrically  powered. 

The  hermetic  type  Of  compressor  (fig.  13-5)  . 
is  a  motor-compressor  combination  encased 
within  a  gaslight,  welded  casing  that  cannot  be 
opened  for  servicing  except  in  refrigeration 
component  overhaul  shops.  This  type  is  used  on  • 
refrigerators,  freezers,  window  air  conditioner^, 
or  any  small  unit. 

The  operation  of  ^11  reciprocating 
compresspfs  is  basically  the  same.  The  piston  is 
actuated  .by      coAH^cting  .rod  attached  to  a 

■  crankshaft  which  is  txInWlby  the  driving  force. 
As  the -piston  m.oves^  ldown- toward  its  lowest 
position,  a  low-pressure  area  is  formed  within 
the  cylinder.  As  indicated  in  figure  13-6  (A),  the 

'  suction  (intake)  valve  opens  when  the  pressure 
within  the'  cylinder  becomes  less'  than  the 
pressure  in  the  suction '  line^  leading  to  the  , 
cylinder.  When,  the  intake  valve  opens,  the  ; 
cylinder  is  filled  ;'With  low-preVsure  refrigerant 
vnpor.  ^' ' 

As  the  piston  moves  upv/ard,  (fig.  13-6  (B)), 
the  in  fake  valve  closes  when  .the  pressure  within 
the  cylinder  becomes  greater  than  the  pressure 
in  the  sudion  line.  As  the  piston  continues  its 
upv/ard  travel,  the  discharge  valve  opens  when 
pressure  wjthin  the  cylinden  becomes  *  greater 
than  ^the  pressure  in  the  discharge  line,  and  the 
compressed  refrigerant  vapor  is  discharged  to  the  » 
high-pressure  side  of  the^systern. 

_  Reciprocating  compressors  are  lubricated 
either  by  pressure  from  an  oil  pump  or  by  splash 
as  the  crankshaft  turns  in  the  oil  in  the 
crankcasef'of  the  compressor. 

Condei\ser , 

The  purpose  of  the  condenser  in  a 
refrigeration  system  (fig.  13-1)  is  to  convert  the- 
hot  refrigerant.vapor  from  thij  compressor  into  a 
liqii.id  stai'j,  making  it  ready  for  uj»e  again  in  the?, 
evaporator.  The  condenser  accomplishes  this  by 
removing  hOat  from  the  hot  vapor/Causing  it  to 
condense  'r,i  the  pressure  existing  in  the 
high-pressure  side  of  the  system. 

Jhere  are-two  general  types  of  condensers, 
the^air  cooled  -and  the  water-cooled.-    
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'  Figure  13'5.-Beciprocating  hermetic  compressor. 
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Figure  13-6.— Operating  cycle  of  a  reciprocating  compressor. 
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^        •  Figure  13-7.-Constructidn  detail  of  air-cooled  condenW.    .  - 

maintains  a;  liquid  seal  on  the  liquid  line  to  the  -  They  are  equipped  with  shutoff  valves  on  the 

expansion  viilve.                        .  inlet  and  outlet  lines  to  i^ermit  maintenance 

'Receiv-rs  (fig.  13-8)  are  cte^ipred  t6  be  large  personnel  to  pump  t:.j  unit  down  (entrap  all 

enough    to    hold   ^the    complete/  charge   of  refrigerant  in  the  receiver)  jwhen  work  is  being 

refrigerant  required  for  the  unit  to  operate,'  cfone'on  another  gomponen^  of  the  system.  With 
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Figure  13-8.-Refrigerant  receiver. 
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Figure  13*9.-Expansion  valve  principle. 


the  shutoff  valves  closed,  no  loss  of  refrigerant 
occurs. , 

Some  receivers  are  equipped  with  liquid 
sight  glasses  to  show  the  liquid  level  during 
operation.  The  receiver  is  normally  about  1/3 
full  during  operation. 

Expansion  Valve  . 

The  function  of  the  expansion  valve  (fig. 
13-1),'  also  referred  to  as  a  metering  device,  is  to 
change  the  high-pressure  liquid  into  a 
-low-pressure-  saturated  vapor  as  it  .  enters  the 
evaporator,  and  to  regulate  the  flow  of  liquid 
refrigerant  into  the  evaporator  to  .ensure  the 
correct  quantity  of  refrigerant  flow  to  keep  the 
evaporator  operating  at  maximum  efficiency 
without  overloading  the  compressor.  The  action 
of  the  valve  is  similar  to  a  spray  nozzle  in  that 
the  liquid  refrigerant  enters  the  evaporator  as  a 
mist  or  spray. 

Many  different  types  of  metering  deviges  are 
in  use  in  air-conditioning  systems  today.  The 
basic^  types  ar?  automatic  expansion  valves, 
thermostatic  expansion  valves,  and  capillary 
tubes.  Regardlcfss  of  the  complexity  of  design  of 
any  particular  device,  the  principle  involved  is 
the  same  as  that  shown  in  figure  13-9.  When  a 
gas  or  liquid  is  forced  through  a  small  opening, 
the  pressure  decreases  and  the  gas  or  liquid 
expands. 

The  thermostatic  vilve  is  the  type  of 
expansion  valve  used  Jn  mobile  air  conditioners, 
so  it  is  the  one  discussed  in  this  manual. 


The  thermostatic  expansion  valve  (fig.  1 3-10) 
consists  essentially  of  a  diaphragm  connected  by 
a  small  tube  to  a  temperature-sensitive  bulb 
attached  to  the  refrigerant  tubing  at  the 
dischai;ge  side  of  the  evaporator.  The  bulb  is 
filled  with  the  same  refrigerant  ^s  that  used  in 
the  system.  Connected  to  the  diaphragm,  inside 
the  valve  housing,  are  the  valve  and  spring. 

The  thermostatic  expansion .  valve  ensures 
that  the  amount  of  refrigerant  which  enters  the 
evaporator  is  jn  proportion  to  the  rate  of 
evaporation  of  the  refrigerant.  Thus,  the 
expansion  valve  regulates  refrigerant-flow_in™ 
proportion  to  refrigerant  evaporation.  The  rate 
of  evaporation  of  the  spray  or  mist  is  dependent 
upon  the  rate  of  heat  absorption  from  the  air 
passing  through  the  evaporator.  The  liquid 
refrigerant  enters  the  evaporator  in  the  form  of  a 
low-pressure  niist  or  spray.  Because  heat  is 
absorbed  by  the  mist  as  it  travels  ♦hiough  the 
evaporator,  the  mist  changes  to  vapor  and, 
when  all  the  liquid  is  changed  to  a  vapor,  any 
additional  heat  that  is  absorbed  by  the  vapor  is^ 
called  superheat.  By  the  time  the  refrigeraut 
leaves  the  evaporator,- all  of  it  should  be  in  the 
superheated  vapor  form. 

In  figure  13-11  a  thermostatic  expansion 
valve  is  shown  with  the  evaporator  for  a  typical 
cooling  unit  operating  at  37-pa  suction 
(low-side)  pressure.  The  refrigerant  moving 
through  j^e  coil  absorbs  heat  front  the  air 
outside  the  coil  until,  et  point  B,  it  has  absorbed  , 
sufficient  latent  heat  for  a  complete 
vaporization.  At  this  point,  all  the  liquid  has 
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Figure  13-10.— Thermostatic  expansion  valve. 
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Figure  13-11. -Superheat  action  in  an  evaporator. 


vaporized.  Any  additional  heat  now  absorbed 
from  the  air  raises  the  temperature  of  the  vapor, 
but  the  pressure  remains  psi  because  this  is 
the  suction  pressure  of  tne  compressor.  By  the 
time  the  vapor  reaches  the  thermal  bulb,  point 
C,  it  has  been /-  superheated  according  to  the 
thermal  expansion  valve  setting;  in  the  figure,  an 
additional  ld**  F  has  been  absorbed. 

SUPERHEAT  REGULATION.rrThe 
temperature  of  the  refrigerant  within  the 
thermal  bulb  is  SO""  F,  the  same  as  the 
temperature  of  the  suction  vapor  at  this  point. 
The  pressure  within  the  thermal  bully,  arid 
consequently  on  the  diaphragin  within  the 
thermal  expansion  valve,  is  46,7  psi  (PI).  This 
pressure  tends  td  push  the  diaphragm  down, 
opening'.the  valve  from  the  receiver.  Qpposing 
this  force  is  the  37  psi  (P2)  exerted  against  the 
bottom  of.  the  diaphragm  ty  the  vapor  at  the 
inlet  of  the  evaporator  coil.  A  spring  pressure  of 
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9.7  psi  (P3)  added  to  37  psi  (P2)  holds  the  valve 
ill  equilibrium  at  10^  F  superheat. 

If  an  increase  in  load  occurs,  the  superheat 
in  the  suction  vapor  increases,  causing  the 
therms;!  bulb  temperature  and  pressure  to 
increase,  exerting  a  greater  pressure  on  the  top 
cf  th:  diaphragm.  This  causes  the  valve  to  open 
furthe  r,  cUowing  an  increase  in  the  flow  ^of 
refrigerant  to  the  evaporator   .o  restore  the 

"superhcat  tp  the  10^  setting-of  th.i-valve._.„  

If  a  decrease  in  load  occurs,  the  superheat 
decreases  and  the  F^essure  in  the  thermal  bulb 
decreases.  Evaporator  inlet  pressure  plus  spring 
pressure  tend  to  close  the  valve,  reducing  the 
flow  of  refrigerant  sufficiently  to  maintain  the 
superheat  at  10°. 

Evaporator 

The  evaporator  (fig.  13-12)  is  a  bank  or  coil 
of  thin-walled  tubing  mounted  in  a  block  of  thin 
metallic  fins.  It  is  here  that  the  refrigerant 
absorbs  heat.  The  evaporator  coil  is  cooled  by 
the  refrigerant  absorbing  heat  from  the  tubing; 
then  the  air  to  be  cooled  is  directed  over  the 
cold  coil,  and  cooling  of  the  air  is  accomplished. 

HEAT  REMOVAL.-As  the  warm  air  is 
passed  over  the  outside  of  the  evaporatpr  coils, 
heat  is  transferred  from  the  air  to  the  refrigerant 
through  the  fins  and  metal  walls  of  the  coil. 
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Figure  13-12.— Construction  detail  of  an  evaporator. 


Heat  is  transmitted  from  the  warm  air  to  the  fin 
surfaces,  to  the  circular  pipe,  and  then  to  the 
refrigerwt.  The  heat  applied  to  the  outside  of 
the  tube^>  causes  the  refrigerant  to  boil.  As  a 
result  of  boiling,  the  liquid  changes  into  a  vapor, 
but  remains  at  the  same  low  pressure.  This  vapor 
is  then  drawn  back  to  the  suction  side  of  the 
compressor.  Also,  as  the  warm  humid  air  comes 
into  contact  with  the  cold  coil,  moisture  in  the 
air  is  condensed  and  drips  down  off  the 
evaporator.  - 

ACCESSORY  COMPONENTS 

There  are  various  ^accessories  that  can  be 
added  to  the  major  components  to  provide 
either  simplified  maintenance  or  increased 
efficiency  without  changing  the  function  of  the 
refrigeration  system.. 

Service  Valves 

Service  valves,  ref erred  to  as  head  ^d 
suction  valves,  are  provided  for  charging  the 
system  and  for  use  during  some  maintenance 
operations.  The  head  valve  is  mounted  on  the 
high-pressure  port  of  the  compressor,  and  the 
suction  valve  is  mounted  on  the  low-pressure 
side.  Construction  of  the_  yalves  and  their 
method  of  operation  are  identical.  (See  fig. 
13-13.)  However,  they  differ  in  size,  use,  and 
placement. 

The  valve  cap  for  the  compressor  service 
valve  is  designed  to  be  used  as  a  dust  cover  and 
to  protect  the  service  valve.  The  valve  cap  and 
gasket  must  be  removed  to  position  the  valve 
plunger.  The  valve  plunger  can  be  positioned  in 
the  forward  seated,  back  seated,  or  cracked 
position.  Alway^s  use  the  wrenches  provided  with 
the  air  conditioner  for  aujusting- the  service 
valves. 

To  forward  seat  a  service  valve  (fig.  13-13), 
turn  the  valve  atem  clockwise  as  far  as  it  will  go. 
This  puts  the  plunger  to  the  left  and  tight 
against  the  forward  seat  and  stops  gas  flow  at 
this  point.  ' 

To  back  seat  a  service  valve,  turn  the  valve 
stem  counterclockwise  as  far  as  it  will  go.  The 
valve  plunger  is  now  to  the  right  and  tight 
against  the  back  seat.  The  gas  line  is  now 
completely  open. 
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Figure  13-13.— Service  valve. 


To  crack  a  service  valve,  first  back  seat  and 
then  turn  the  valve  stem  one-forth  turn 
clockwise.  This  moves  the  valve  plunger  slightly 
to  the  left,  and  allows  gas  to  flow  into  the  gage 
port. 

To  install  a  pressure  gage  in  a  service  valve, 
back  seat  and  remove  the  gage  port-plug;  then 
insert  the  gage  and  crack  the  service  valve  so  the 
gage  will  read. 

Never  operate  the  compressor  with  the  head 
service  valve  forward  seated.  This  condition 
blocks  the  output  of  the  compressor  and  causes 
the  pressure  of  the  corhpressor  to  build  up 
sufficiently  to  become  dangerous  to  personnel. 
Also,  the  compressor  will  almost  certainly  suffer 
damage.' 


Vibration  Eliminators 

Vibration  eliminators  absorb  and  remove 
inherent  vibration  in  copper  tubing  caused  by 
floating  components.  They  are  constructed  of  an 
accordion-like,  phosphorous  bronze  tube  with 
copper  fittings  at  each  end  to  facilitate  joining 
with  the  system  tubing.  The  accordion-like  folds 
in  the  material  are  called  convolutions. 


On  some^^-conditioning  systems,  a  simple 
loop  is  made  in  the  refrigerant  tubing  itself.  The 
loop  permits  vibrations  to  be  absorbed  in  the 
extended  length  of  tubing. 


Liquid  Line  Sight  Glass 

The  sight  glass  is  a  visual  indicator  used  to 
visually  determine  the  condition  of  the 
refrigerant  entering  the  thermal  expansion  valve. 
The  sight  glass  is  located  on  the  inlet  side  and  as 
close  to  the  thermal  expansion  valve  as  possible. 
The  appearance  ^  of  the  refrigerant  passing 
through  the  sight  glass  should  be  clfear.  If  the 
sighting  indicates  a  cloudy  or  milky  appearance, 
the  level  of  refrigerant  is  low.  The  milky 
appearance  is  caused  by  tiny  refrigerant  vapor 
bubbles  mixed  with  the  liquid  refrigerant. 


Receiver  Valve 

The  receiver  valve,  referred  to  as  the  king 
valve,  is  located  on  the  output  side  of  the 
receiver  tank.  This  valve  is  used  when  it  is 
necessary  to  trap  the  refrigerant  in  the  receiver 
and  condenser  lines. 
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Heat  Exchanger 

The  heat  exchanger  (fig.  13-1)  provides  for 
an  increase  in  system  efficiency  by  transferring 
■heat  from  the  hot  liquid  (flowing  from  the 
^receiver  to  the  evaporator)  to  the  cooler  suction 

•  vapor  (flowing  from  the  evaporator  to  the 
^  compressor).  Because  of  this  heat  transfer,  the 
•J'rJiquid  refrigerant  enters  the  evaporator  at  a 
^ower  temperature,  allowing  it  to  absorb  more 

heat-per-pound  of  refrigerant.  This  heat  transfer 
also  'ensures  that  the  vapor  flowing  to  the 
comftfessor  from  the  evaporator  contains  no 

*  liquid  (which  would  damage  the  compressor). 

Heat   exchangers  can  be  constructeS  in 
several  ways-a  small  liquid  line  enclosed  within 


a  larger  suction  line;  a  small  liquid  line  wrapped 
around  a  larger  suction  line;  or  the  liquid  and 
suction  lines  being,  placed  side  by  side  and 
physically  connected  together  by_  clamps  or 
solder. 


Drier-Strainer 
(Dehy.drator) 

The  drier-strainer  (fig.  13-14),  also  called  a 
dehydrator,  is  employed,  to  remove  foreign 
matter  and  water  from  the  system.  Foreign 
material  which  would  clog  small  openings,  and 
w^tAt^\uhinh  wniilH  free7e_fn_the^^pansion 
valves,  are  trapped  and  held  here.  Tlie 
drier-strainer  is  located   in   the   liquid  line 
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Figure  13-14.-Drier-strainer  (Dehydrator). 
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between  the  receiver  ajfld  the  evaporator  and 
consists  of  a  replaceable  cartridge  of  activated 
alumina  or  silica  ,  gel  enclosed  in  a  metal 
container. 

Upon  inspection,  if  the  drier  strainer  feels 
cooler  than  the  liquid  line  entering  the  drier,  the 
indication  is  that  the  drier  is  clogged  and  the 
liqui(l  refrigerant  is  vaporizing  inthe  drier.  In 
this  situation,  the  drier  cartridge  must  be 
removed  and  replaced. 


CONTROLS 


~_  ColTtfols  of  an  air-conditioning  unit  may  be' 
classified  into  two  distinct  types-operating  and 
safety.  Operating  controls  maintain  the  desired 
conditions,  while  the  safety  controls  prevent 
damage  to  the  equipment. 


Operating  Cdntrols 

The  operating  controls  bf  an  air-conditioning 
system  may  be  simple  or  complex,  depending 
upon  the  design  and  use  of  the  system.  Some  of 
the  operating  controls  are  manually  controlled 


by  the.  operator,  while  others  are  automatic  and 
•operate  in  lesponse  to  changes  in  temperature  or 
pressure. 

THERMOSTAT.  thermostat  is  a  device 
which  automatically  regulates  temperature. 
Thermostats  used  on  mobile  air  conditioners, 
similar  to  the  one  shown  in  figure  13-15,  consist 
of  a  capillary  tube  filled  with  a  volatile  liciuid,  a 
bellows,  and  a  set  of  electrical  contacts. 

The  thermostat  contacts  are  connected  to  a 
solenoid  valve  circuit,  and.  the  capillary  tube 
^bulb  is  placed  in  the  discharge  airflow 
immediately  downstream  of  the  evaporator.  As 
the  temperature  of  the  discharge  air  rises,  the 
liquid  in  the  capillary  tube  expands  and  exerts  a 
pressure  on  the  bellows.  This  causes  the  contacts 
to  close,  energizing  the  solenoid  coil  which 
opens  the  valve  so  liquid  refrigerant  can  flow  to 
the  expansion  valve. 

When  the  desired  temperature  of  the 
discharge  air  is  reached,  a  reverse  of  the  above 
aQtion  occurs.  The  liquid  in  the  capillary  tube 
contracts,  the  contacts  open,  the  solenoid  valve 
closes,  and  the  flow  of  refrigerant  to  the 
expansion  valve  is  stopped. 
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Figure  13-15.-Thermo$tat. 
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SOLENOID    VALVES.-Solenoid  valves, 
similar  to  the  one/ shown  in  figure  13-16,  are 
used  in  mobile  air  conditioners  ta  control  the — 
flow  of  refrigerant  at  various  points  in  the 
system. 

These  valves  ire  of  two  types.  Tionudlly  Open 
or  normally  closed,  but  regardless  of  type  or  use, 
construction  and.  function  of  the  valves  are 
essentiaUy  the  same. 

In-  the  normally  closed  type, ''when  the 
■  circuit  to  the  solenoid  coil  is  completed,  the  coil 
energizes  and  pulls- the  valve  off  its  seat,  opening 
the  valve  passage.  When  the  circuit  to  the 
solenoid  coil  is  opened,  the  coil  c  ^scnergizes  and 
spring  pr^ssu^e  pushes  the  valve  into  its  seat, 
dosing  the  valve  passage. 

In  the  normally  open  type,  .operation  is  the 
— reyerse  of  the  operation  of  the  normally  closed 
type.  When  the  solenoid  coil  is, energized,  the 
valve  is  closed;  when  the  solenoid  coil  is  deener- 
gized,  the  valve  is  open. ' 


CIRCUIT  CONTROLS.-Controls  for  the 
various  circuits  of  an  air-conditioning  unit  may 
vory  -frbm  .simple„J_oggle_switches  to  remote 
controlled  contactor  relays.  These  devices  rhay 
be  used  for  actuating  fans, 'lights,  motors,  or  for 
''checking  various  circuits  while  troubleshooting  a 
defective  system.  Switches  used  for  maintenance 
work  are  called  service  switches. 


Safety  Controls 

Sufficient  safety  devices  are  installed  in 
air-conditioning  systems  to  prevent  bodily  injury 
to  operating  personnel  and  damage  to  system 
equipment  or  equipment  and  spaces  receiving 
the  conditioned  air. 

'  FUSIBLE  PLUC.-The^  fusible  plug  is 
provided  to  prevent  an  excessive,  buildup  of 
refrigerant  pressure  within  the  confined  area  of 
the  equipment.  The,  refrigerants  commonly  used 
today  will  act  in  accordance  with  the  normal 
liquidygas  laws,  whereby  increasing  temperature 
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causes  increasing  pressiire.  Should  the 
air-conditioning  equipment  be  close 
_orQximily_„to_,a  Jirea  a  positive  method  of 
releasing  vapor  and  liquid  must  be  provided  to 
prevent  the  buildup  of  excessive  pressure  within 
the  system.  The  fusible  plug  is  usually  located  at 
the  inlet  connection  of  the  receiver't^nk.  When  ' 
excessive  external  heat  is  present,  due  to  fire  or 
other  ^nular  causes,  the  plug  melts,  allowing  the 
refrigerant  gas  to  excape  from  the  system.  This 
reduction  of  gas  pressure  prevents  possible 
rupture  or  explosion  of  the  equipment. 

HIGH-  AND  LOW-PRESSURE 
CUTOUTS.-High-  and  low-pressure  cutout 
switches  are  incorporated  in  refrigeration  units 
to  control  the  operation  of  the  compressor.  The 
pressul'e  control,  prevents  the  discharge  pressure 
.of  the  compressor  from  building  up  be^yorfd  a"' 
reasonable  limit  and  suction  pressure  o^^  the 
compressor  from  falling  below  the  safe  limit. 

The  control  unit  illustrated  in  figure  13-17 
contains  controls  for  both  the  high-  and 
low-pressure  gages.  In  some  installations  the 


225.194 

Figure  13-17.— High-  and  low-pressure  cutouts. 


high-  and  low-pressure  controls  are  mounted  in 
separate  units;  however,  their  operation  is  . 
essentially  the  same.  

DUCT  AIR  PRESSURE  SWrrCH.-The^duct 
air  pressure  switch  is  designed' to  shut  down  the 
entire  unit  if  an  overpressure  condition  occurs  in 
the  conditioned-air  discharge  duct.  Tlie  pickup 
tube  for  the  duct  pressure  switch  is  located  in 
the  discharge  air  plenum  chamber' 

MOBILE  AIR  CONDITIONER 
'  (NR-5C)  - 

The  NR-5C  .  mobile '  airTco^^^^  (fig. 
13-18)  is  a  mobile,  trailer-mounted,  electrically 
powered,  self-contained  air  conditioner.  It 
•  ^requires  a  440:volt,  3-phase,  60-Hz  power  supply 
for  operation  of  the  compressor  motor,  fan 
motor,  and  control  circuits. 

The  NR-5C  has  a  cooling  capacity  of  22  tons  . 
with  a  discharge  air  temperature  of  45°  F  in  the 
cooling  mode  of  operation,  and  of  90°  F  in  the 
dehumidification  mode  of  operation.  It  will 
operate  in  a  temperature  range  of  0°  to  1 10°  F 
^  at  altitudes  up  to  5,000  feet. 

The  NR-5C  is  designed  to  provide  cooling, 
>  ventilation,  dehumidification,  and  filtration  of 
7  ^air  for  electronic   equipment.  The   unit  is  , 
l^irttehded  -  for,  Itut  not  limited  to,  use  for 
cptiditioning  aircraft   cabins  and  equipment 
^compartments.  ' 

  The    NR-5C    utilizes    a  semihermetic, 

six-cylinder  compressor,  with  refrigerant  R-22 
used  as  the  h^t  transfer  medium.  An  electrically 
actuated  unloader  device  is  provided  to  enable 
the  clDmpressor  to"  o^  ^ 
cylinders.  This  device  is  controUed  by 
temperature  controls  that  will  operate  the 
unloader  solenoids  to  unload  the  compressor 
whenever  the  cooling  air  temperature  drops 
below  a  set  temperature. 

The  NR-5C  utilizes  a  condenser  fan  (fig.  • 
13-19)  that  sends  an  air  flow  across  two 

condenser  coils.  This  provides  the  means  oj[  

condensing  the  hot  refrigerant  gas  flowing  from 
the  compressor.  (See  fig.  13-20.)  If  the  head  . 
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Figure  13-18.-NR-SC  air  conditioning  unit  3/4  light  rear  view. 
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Figure  13-19.-^ndens8r  and  conditioned  air  flow  sch«r^atic  diagram. 
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Figure  13-20.— Refrigerant  flow  schematic  diagram. 
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pressure  drops  to  140  psi,  the  condenser  fan  "will 
cutout  to  reduce  the  amount  of  condensing. 
\  Two  tube  and  fin  evaporator  coils,  shown  in 
figure  13-19  are  incorporated  in  the  air 
conditioner.  One  precools.the  air  as  it  enters  the 
unit;  the  other  cools  the  air  to  the  required 
temperature  as  it  leaves  the  blower.  A  manuaLair 
volume  control  valve  regulates  th?  flow  of 
conditioned  air*  from  the  aftercool  evaporator  , 
from  one  to  three  psi. 

SYSTEM  OPERATION 

•  *  .  .       •  ■ 

.  ^  The  NR-5C  is-  c^np^Dsed  '  of  3  major 
systems-electrical,  refrigerant,  and  airflow.  (See 
qgures'1.3-19,J3-20,  and  13-21.)  .     \  > 

Since  the  electrical  and  refrigerant  systems 
are  interconnected  and  depend  upon  ?ach  other 
for  operation,  they  are  discussed  together. 

Electrical/Refrigerant 
•  Systems 

Operation  and  control  functions  require 
440-volt,  3-phase,  60-Hz  power  connected  to  the 
unit  by  a  power  cable.  This"  power  cable  is 
connected  at  the  rear  of  the  unit. .  From  the 
.rtceptacle,  the  power  is  -carried  through  the 
100-amp  circuit  breaker.  The  fuil  440  volts  is 
sent  to  the'  motor  starters.  A  200-VA 
transformer  is  used  in  the  circuit  to  lower  the 
voltage  from  440  volts  ac  to  110  volts  ac  for 
control  and  instrument  operation. 

Placing  the  circuit  breaker  (figure  13-22)  in 
the  ON  position  connects  power  to  the  circuits 
and  illuminates  the  power  ON  light.  The 
electrical/refrigerant  •^functions  are  started  by 
placing  the  selector  switch  (figure  13-22)  in  the 
COOL  or  DEHUM  (dehumidify)  position. 

COOLING  MODE.-The  coojing  mode  is 
initiated  when  the  s^^^  is  set  to  the 

cool  plosition  (fig,  13-22).  The  compressor  starts 
operating  by  closing  cooling  relay  Rl,  and  the 
compressor  motor  starter  holding  coils  Ml  and 
Mi2  are  energized  (see  fig.  13-21)  when  the 
circuit  through'  high-pressure  and  low-pressure 
switches  (HP  and  LP),  compressor  safety  relay 
R3,  motor  relay  R4,  and  pump  down, relay  R5 
are  actuated,  ^then  the  cool  circuit  is  in 
operation.  The  blower  motor  starter  contacts  are 


closed,  startiilg  tht  motor,*  and 'the  condenser 
fan  motor  is  energized. 

•  "  With  the  compressor  9perating  <fig.  13-20), 
the  superheated  refrigerant  vapor  leaves  the 
compressor  (12)  through  the  compressor 
discharge  valve  (11)  to  the  condensers  (5).  The 
condensing  airflow,  is  provided  by  the  condenser 
fan  (fig.  13-19).  This  fan  is  cpnfa-olledby  switcl> " 
HPa  (fig-  13-21).  If  thd  head  pressure  falls. 
below^l40  psi-,  the  fan  will  cut  p.ut'to<iecrease 
the  amount  of  condensing.  As  the  ambient  or 
entering  air  tempwatvire  rises^^  forcing,  the  head 
pressure  to' increase  the  condensing,  the  fan  will 
return  to  operation  at  220-psi  Ijead  pressure. 

NOTE:  Compressor  discharge  and /sSUction_ 
pressures  are  mbnitpred"©^^         mounted  on 
the  instrument  panel  (fig.  13-22). 

The  supe/heated  refrigerant  vaporis  changed 
to  a  liquid  ih  the  condenser.  This  liquid  is  stored 
in  the  receiver'  (6,  figv  13-20)r/and  from  the - 
receiver  the  liquid  passes  throu^  the  filter-drier 
(9).  From  the  filter-drier  the  liquid  parses 
through  the  precool  and  aftercool  solel^id 
valves  (7  and  8)  and  sight  glasses  (15).  The  two 
expansion  valves  (14  and  16)  meter  the  liquid 
into  the  two  evaporator  coils  (l*and  2).JFx"om 
the  evaporator  coils  the-suction  gas  returns  to 
the  compressor  through  the  suction  valve  (13). 

As  the  air  to  be  conditioned  flows  through 
the  fins  of  the  precooj  evaporator,  (it  is  Ibwered 
in  temperature  as  required  by  the  setting  of  the 
precool  thermostat  (TCI,  fig.  13-21).  If  the 
entering  air  temperature  is  sufficiently  low  and 
no  precoolirig  is  required,  the  thermostat  (TCI ) 
will  open  its  contacts,  deeneigize  the  precool 
refrigerant  solenoid  valve  (7  fig.  1*3-21),  and  J^top 
the  flow  of  refrigerant  to  the  precool 
evaporator. 

Temperature  of  the  conditioned  air  leaving 
the  aftercool  evaporator  is  controlled  by  a 
two-stage"  "switch  (Te2  and  TC3,  fig.  13-21). 
When  the  temperature  of  the^  conditioned  au- 
drpps  below  the  control  setting,  TC2  opens  zt^d 
deenergizes  one  unloader  solenoid.  (SUl^fig. 
13-21).  This  stops  compression  on  one^ank  of 
pistons  in  the  , compressor  and  cuts  down 
compressor  capacity.  As  the  temperature  drops 
further,  TC3  opens  and  detftrxergizes  the  second 
unloader  solenoid  (SU2rtiig.  13^i>  to  further 
decrease  compressor  capacity. 
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Figure  13-21.-NR-5C  air  conditioning  unit  electrical  systam. 
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DEHUMIDIFICATION  MODE.-See  figure 
13-21.  When  the  selector  switch  is  placed  in  the 
deliumidfy  position,  the  dehumidify  circuit  light 
illuminates.  Operation  of  the  tefrigerant  system 
is  the 'same  as  explained  above  Kjxcept  that  the  - 
cool  relay  (Rlidecnergizes,  closinfesthe  aft^rcool 
refrigerant  solenoid  valves,  and  stops  refrigerant 
flow  through  the  aftercool  evaporator.  * 

The  air  to  be  conditioned  enters  and  flows 
tlirough  the  fins  of  the  precool  evaporator  where 
the  temperature  is  lowered  to  the  setting  of  the 
thermostat  (TCI),  and  the  moisture  content  is 
lowered  by  condensation  of  moisture  on  the 
cool    evaporator:  tubes.    The    air    is  then 


compressed  in  the  blower.  Compression  causes 
the  air  to  be  heated  to  the  dehumidification 
temperature,  after  which  it  is  delivered  to  the 
conditioned  space  at  approximately  90°  F. 

VENTILATION  MODE.-When  the  selector 
switch  is  placed  in  vent  position,  the  vent  light 
illuminates.  Due  to  the  holding  action  of  the 
pumpdown  relay  (R5,  fig.  13-21),  the  refrigerant 
system  continues  to  operate  for  a  period  of  time 
when  switched  from  the  cool  or 
dehumidification  modes  to  the  vent  mode.  With 
the  refrigerant  solenoid  valves  closed  (7  and  8, 
fig.  13-20)  the  compressor  attempts  to  evacuate 
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the  low-pressure  side  of  the  system.  When 
low-side  pressure  drops  below  20  psi 
(piunpdown  completed)  the  low-pressure  cutout 
swtch  (LPM,  fig.  13-21)  opens  the  circuit  to  the 
compressor  motor  starter,  halting  the 
compressor. 

Airflow 

See  figure  13-19.  Ambient  air  enters  the  unit 
through  a  50-micron  absolute  filter  and  passes 
through  the  precool  coil.  If  the  dewpoint^ 
temperature  of  the-ambient  air  should  exceed 
the  temperature  of  the  leaving  air,  the  excess 
moisture  will  condense  on  the  coil.  Because  of 
this,  the  moisture  content  of  the  delivered  air 
will  never  exceed  that  of  saturated  air  at  the 
precool  coil.  The  "leaving"  temperature  at  the 
_  precool  coil  is  45°  F.  This  air  is  drawn  through 
flexible  ductmg  mfo"rlTe-positive-displa€ement-^ 
blower  which  is  driven  by  a  30-horsepower 
motor  through  a  belt  drive. 

This  blower  compresses  100  pounds  of  ajr 
per  minute  to  3  psig.  This  compression  adds 
sensible  heat  to  the  air,  raising  its  temperature 
but  leaving  the  moisture  content  unchanged.  As 
this  heated  air  passes  through  the  after-cool 
evaporator  coil,  it  is  cooled  to  its  final 
temperature.  Air  leaves  the  unit  at  a  temperature 
of  45°  F  and  relative  humidity  of  80%.  A  duct 
air  pressure  switch  will  stop  operation  of  the 
unit  when  the  conditioned  air  pressure  exceeds 
5.0  psig. 

See  figure  13-19.  Air  is  moved  across  the 
condenser  coils  by  an  axial-flow,  propeller-type 
fan  for  condensing  the  air  flow.  The  fan  is 
directly  connected  to  its  drive  motor  and  is 
controlled  by  compressor  head  pressure.  As  the 
.  compressor  head  pressure  drops,  it  will  actuate  a 
pressure  switch  which  cycles  the  fan .  and 
provides  more  or  less  condeji^ation  of  the 
refrigerant. 

TROUBLESHOOTING 

Not  all  of  the  possible  troubles  that  might  be 
encountered  in  conjunction  with  the  NR-5C  can 
be  covered  here;  however,  table  13-1  lists  the 
troubles  most  likely  to  be  encountered,  probable 
causes  for  each  trouble,  and  the  remedy. 


MAINTENANCE 

• 

Maintenance  data  for  the  air  conditioner 
includes  information  for  servicing,  testing, 
adjusting,  and  lubricating.  Applicable  safety 
precautions  and  first  aid  information  are  also 
included.  For  more  maintenance  information, 
refer  to  the  Operation  and  Service  Instructions 
for  the  NR-5C  mobile  air  conditioner. 


MOBILE  AIR  CONDITIONER 
(NR-10) 

The  NR-10  air  conditioner  (fig.  13-23)  is  a 
mobile,  trailer-mounted,  self-contained  unit.  It  is 
powered  by  a  82-horsepower  diesel  engine  and 
utilizes  a  6-cylinder,  ^  open-type  refrigerant 
compressor. 


The  NR-10  has  a  cooling  capacity  ot.  1  v  roTTS^ 
with  a  discharge  air  temperature  of  45°  (±5°)  F 
in  the  cooling  mode  of  operation,  and  90°  F 
minimum  in  the  dehumidification  mode  of 
operation.  It  will  operate  in  a  temperature  range 
of  0°  to  1 1 0°  F  at  altitudes  up  to  5,000  feet. 

The  NR-10  is  designed  to  provide  cooling, 
ventilation,  dehumidification,  and  filtration  of 
air  for  electronic  equipment.  The  unit  is 
intended  for,  but  not  limited  to,  use  for  air 
conditioning  aircraft  cabins  a|id  equipment 
compartments. 

The  ,NR-10  utilizes  an  open-type, 
six-cylinder  compressor,  with  refrigerant  R-22 
used  as  the  heat  exchange  medium.  An  unloader 
device  is  provided  to  enable  the  compressor  to 
operate  on  as  few  as  two  cylinders.  The 
unloader,  a  pressure-sensing  device,  senses  any 
variation  in  refrigerant  suction  pressure  and 
unloads  or  loads,  as  required,  the  individual 
cylinders  to  maintain  a  constant  pressure. 

The  refrigerant  compressor  is  driven  by  the 
diesel  engine  through  a  flexible  coupling  and  a 
magnetic  clutch.  The  clutch  is  .lectrically 
actuated^ and  may  be  engaged  or  disengaged  at 
any  speed  between  1 ,200  and  ,1 ,800  rpm. 

Condensing  air  flow  is  provided  by  a 
belt-driven,  axial-type,  condenser  fan.  The  fan  is 
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Table  IS-I  .-Troubleshooting 


Trouble 

Possible  cause 

Remedy 

Panel  light  fEils  to  illuminate. 

Defective  lamp. 

Replace  lamp. 

Defective  PANEL  LIGHT 
switch. 

Replace  switch 

Defective  panel  light. 

Replace  panel  light. 

ueieciive  wiring. 

v^necK  anci  repair  wiring. 

Circuit  light(s)  fail  to 
illuminate. 

Defective  lamp(s). 

Replace  lamp(s). 

Defective  SELECTOR 
SWITCH. 

Replace  switch. 

Defective  light(s). 

Replace  light(s). 

Defective  wire. 

Check  and  repair  wiring. 

Unit  cuts  out  on  high  pressure. 

High  pressure  cutout 
switch  tripped. 

Reset  switch. 

High  pressure  cutout 
switch  improperly  set. 

Adjust  switch  setting. 

High  pressure  switch 
-  defective. 

Replace  switch. 

Compressor  fails  to  start. 

High  or  low  pressure 
cutout  tripped. 

Reset  switch. 

Defective  high  ui  low 
pressure  cutout. 

Replace  switch. 

Compressor  motor 
starter  tripped. 

'  Reset  motor  starter. 

Defective  motor 
staher. 

Replace  motor  starter. 

Defective  relay. 

Replace  relay. 

Defective  wiring. 

Check  and  repair  wiring. 

Defective  compressor. 

Repair  or  replace 
compressor. 
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Talbe  13-1  .-Troubleshooting-Continued 


Trouble 

Possible  cause 

Remedy 

1  

DISCHARGE  PRESSURE 
gage  indicates  less 
than  200  psi. 

Refrigerant  charge  low  as  indi- 
cated by  bubbles  in  sight  glass. 

Test  system  for  leaks, 
then  add  refrigerant 
as  required. 

Defective  hot  gas  bypass 
solenoid  valve. 

Replace  solenoid 
valve. 

• 

Defective  gage. 

Replace  gage. 

Defective  compressor  or 
unloader. 

Repair  or  replace 
compressor. 

DISCHARGE  PRESSURE 
gage  indicates  higher 
than  365  psL 

Condenser  coil  clogged  or 
obstructed. 

Clean  coil. 

Overcharge  of  refrigerant. 

Bleed  ^small  amounts  of 
refric^iant  from  suctior 
valve  through  a  chargin 
line  until  pressure  is 
normal. 

Defective  gage. 

Replace  gage. 

Defective  compressor. 

Repair  or  replace  com- 
pressor. 

Receiver  shutoff  valve  closed. 

Open  valve. 

SUCTION  PRESSURE 
gage  indicates  zero 
psi. 

Receiver  shutoff  valve  closed. 

Open  valve. 

Defective  gage. 

Replace  gage. 

Defective  compressor. 

Repair  or  replace 
compressor. 

SUCTION  PRESSURE 
gage  indicates  less 
than  40  psi. 

Air  filter  dirty. 

Clean  air  filter. 

V 

Evaporator  coil  frosted, 
blocking  airflow. 
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Turn  off  unit  and 
allow  ice  to  melt. 

AVIATION  SUPPORT  EQUIPMENT  lECHNIQAN  M  3  &  2 
.  Table  13-1. -TrouUethooting-Continued 


Trouble 

Possible  cause 

Remedy 

 :   1 

■ 

I 

Low  refrigerant  charge. 

kdd  refrigerant. 

Filter-drier  clogged. 

Re  place' filter  drier 
cuif;. 

Expansion  valve  defective. 

Repair  or  replace 

pvnjjncinn  valvp- 
CApcUlSilVJll  Val V V. 

K 

Hot  gas  bypasis  valve  not  func- 
iioning  propeny. 

Adjust  valve.  Replace 

valvp  if  rjprpQ^rv 

Blower  not  operating  properly. 

Rtpii-ir  or  replace 
v',^.iwer. 

Suction  pressure  higher 
than  normal. 

Hot  gas  bypass  valve  set  too 
high. 

A/'liiict'  hvnacc  vulvp 

Referto-(6-above). 

•Dis:charge^pTessure  too  high. 

Expansion  valve  not  operating 
properly. 

Adjust  expansion 
valve. 

Defective  compressor. 

Repair  or  replace 
compressor. 

Blower  not  operating. 

Air  pressure  switch  tripped. 

Reset  switch. 

Defective  air  pressure  switch. 

Replace  switch. 

Defective  blower  motor. 

Replace  blower  motor. 

Defective  wiring. 

Check  wiring  in  unit 
and  repair  as  nec- 
essary. 

Defective  blower. 

Repair  Or  replace 
blower. 
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Table  13-1  .-Troubleshooting-Continued 


irouDic 

Possible  cause 

Remedy 

Unit  will  not  <5tart 

V/llil     Will     llWl     OICII  la 

Air  pressure  switch  tripped. 

Reset  switch. 

High-  or  iow-pressure  switch 
tripped. 

Reset  switches  as 
necessary. 

.... 

3-amp  fuse  blown. 

Replace  fuse. 

Defective  relay. 

Replace  relay. 

Compressor  will  not 
start. 

Pressure  switch  tripped. 

Reset  switch. 

Opfpctivp  relav 

Replace  relay. 

- 

Compressor  motor  starter 
tripped^  . 

R^^set  motor  starter. 

r\pf<»i'»tivp  motor  *;tartpr 

Repair  or  replace 
motor  starter. 

Compressor  internal  ther- 
mostat switch  tnpped> 

Allow  compressor  to 
fool  \Switch  will 
reset. 

-  1-amp  fuse  blown. 

Replace  fuse. 

■^  Defective  compressor, 

Repair  or  replace 
compressor. 

Condenser  fan  motors  will 
not  start. 

Pressure  switches  open. 

Allow  discharge^pres- 
sure  to  reach  switch 
settings. 

Pressure  switches  not  oper- 
ating properly. 

Adjust  switches.  Re- 
place switches  if 
necessary. 

Fan  motor  starter(s)"tripped. 

.  Reset  motor  starter(s). 

Defective  motor  starter(s). 

Repair  or  replace 
motor  starter(s). 
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Table  13-1.— Troubleshooting-Continued 


Trouble 

Possible  casue 

Remedy 

System  will  not  pump  down. 

Defective  receiver  shutoff 
valve. 

Replace  shutoff  valve. 

Defective  pumpdown  relay. 

Replace  relay. 

DpfppHvp  nrp<isiirp  switch 

Reolace  oressure 
switch. 

• 

Solenoid  valves  will  not 

Repair  or  replace 

Compressor  will  not 
unload. 

(  ^.iditioned  air  two-stage 

switch  not  set  properly.  i 

Adjust  switch. 

> 

•  '  Defective  switch. 

Replace  switch 

Defective  unloader  solenoids. 

Replace  solenoids. 

Defective  wiring. 

1- 

Repair  or  feplace 
wiring. 

driven  by  the  diesel  ^.  -  ilKough  a  set  of 
pulleys  and  two  drive  h'.lt.%.  rondensing  air 
flow  is  moved  across  two  (  ■  .  Jenser  coils  that 
provide  a  rrieans^to  condense  the  hot  gaseous 
refrigerant  flowing  from  the  refrigerant 
compressor. 

Evaporator  air  flow  is  provided  by  a 
belt-driven,  centrifugal,  evaporator  fan.  TTie  fan 
is  driven  by  the  diesel  engine  through -a  set  of 
pulleys  and  four  drive  belts.  The  fan  provides  ail 
the  air  necessary  for  ventilating^  cooling,  and 
dehumidifying  by  creating  air  flow  across  a  tube 
and  fin  evaporator  coil  to  provide  conditioned 
air.  *     .  -  ' 

A  liquid-to-air  transfer  reheat  coil  is  utilized 
by  the  NR-10  to  reheat  dehumidified  air  and  is 
installed  in  series  with  the  evaporator  coil.  This 
reheat  coil  utilizes  the  engine. coolant. 
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SYSTEM  OPERATION 


The  NR-10  is  composed  of  5  major 
systems— electrical  and  control,  fuel  and  lubeoil^ 
water,*air  flow,  and  refrigerant.  In  order  for  the 
ASM  to  become  familiar  with  the  operation  of 
the  NR-iO  air  conditioner,  each  system  is 
discussed  in  the  following  sections. 


Electrical  and  Control 


Power  for  operation  of  the  electrical  and 
control  system  (fig.  13-24)  is  pfovided  by  two 
24-dc  batteries  or  external  power  source  to 
start  the  unit.  Once  in  operation,  the  power  is 
provided  by  the  engine  generator  and  regulated 
by  a  voltage  regulator, 
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CONDENSER  COIL 
ACCESS  PANEL 


ENGINE 
ACCESS 
DOOR 


DRIVE  SECTION 
ACCESS  DOOR 


CONDENSER 
FAN  GUARD 


RADIATOR  FILL 
ACCESS  OPENING 


CONTROL  PANEL 
ACCESS 
DOOR 


CONTROLS 

ACCESS 

PANEL 


-BATTERY 
ACCESS 
DOOR 


RADIATOR 
ACCESS 
PANEL 


RADIATOR 
GUARD 


CONDENSER  FAN 
ACCESS  PANEL 


DAMPER 
GUARD 


RECEIVER 
ACCESS-PANEL 


FILTER 
GUARD 


EVAPORATOR  TAN 
ACCESS  PANEL 


EVAPORATOR 
COIL  ACCESS  PANEL 


Figura  13-23.-Model  NR-10  mobile  air  conditioning  unit. 
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NOTE 

ALL  GROUNDS  (CHASSIS,  ENGINE. 
AND  EXTERNAL  POWER)  ARE  SHOWN 
AS  COMMON. 


24  VDC 


J4(-) 


ST2 


24  VDC 


ST1  BATTERY  r;. 

BT2  BATTERY 

Bl  STARTER  MOTOR 

CR1  DIODE 

DSl  LOW  FUEL  WARNING  L'GHT 

DS2  COMPRESSOR  LIGHT 

DS3  PAN^L  LIGHT 

DS4  PANEL  LIGHT 

Fl  FUSE  ' 

G1  GENERATOR 

J4  EXT  PWR  RECEPTACLE 

K1  CDNTRO  L  CI  RCU  IT  RE  LA  Y 

K2  PUMPDDWN  RELAY 

K3  COOLING  RELAY 

LI  FUEL  SOLENOID  VALVE 

L2  HEAT  COIL  SOLENOID  VALVE 

L3  PUMPDOWN  SOLENOID  VALVE 

L4  COOLING  SOLENOID  VALVE 

L5  HOT  GASBYPASSSOLENOID  VALVE, 

L6  QUENCH  LINE  SOLENOID  VALVE 

L7  SOLENOID  DUMP  VALVE 

L8  STARTER  SOLENOID 

L9  MAGNETIC  CLUTCH 

LIO  SOLENOID  DUMP  VALVE 

MT1  WATER  TEMPERATURE  TRANSMITTER 

MT2  LUBE  OIL  PRESSURE  TRANSMITTER 

MT3  FUEL  OIL  PRESSURE  TRANSMITTER 

M7  WATER  TEMPERATURE  GAGE 

M8  FUEL  OIL  PRESSURE  GAGE 

M9  BATTERY/GENERATOR  INDICATOR  . 

M10  LUBE  OIL  PRESSURE  GAGE 

SI  PRESSURE  DIFFERENTIAL  SWITCH 

-  S2  PRESSURE  SWITCH 

-S3  HIGH/LOW  PRESSURE  CUTOUT  SWITCH 

S4(L)  COMPRESSOR  OIL  CUTOUT  (LOW  PRESSURE) 

S4(T)  COMPRESSOR  OIL  CUTOUT 
(2-MINUTE  TIME  DELAY) 

55  START  SWITCH 

56  STOP  SWITCH 

57  PANEL  LIGHT  SWITCH 

58  SELECTOR  SWITCH 

59  LOW  LUBE  OIL  PRESSURE  SWITCH 
S10(A)  LOW  LEVEL  CUTOUT  SWITCH 
SIO(B)     LOW  FUEL  WARNING  SWITCH 
SIKA)  DIESEL  OVERSPEED  SWITCH 
SI  KB)  DIESEL  INTERLOCK  SWITCH 

512  DIESEL  HIGH  TEMPERATURE 
CUTOUT  SWITCH 

513  COOLING  THERMOSTAT 

514  PRESSURE  SWITCH 
TDl  TIME  DELAY  RELAY  , 

_VR1  VOLTAGE  REGULATX)B  
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Figure  13-24.— Electrical  schematic. 
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DIESEL  ENGIN'E 


FL4  fL3 
<  


TO 

DIESEL  ENGINE 
LUBE  OIL  SYSTEM 


LJ. 


.MT2  S9 


DIESEL 
ENGINE 


SiO(A) 


SIO(B) 


FL5 


FUEL  TANK 


VAI3 


OIL  COOLER 


224.151 


Figure  13-25.— Fuel  and  lube  oil  flow  diagram. 
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Figure  13-26.— Water  function  flow  diagram. 
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Fuel  and  Lube  Oil 

With  the  fuel  solenoid  valve  (fig.  13-25) 
open  and  the  engine  operating,  fuel  is  drawn 
through  the  hand  primer,  primary  and  secondary 
fuel  filters,  and  the  fuel  solenoid  valv^e. 

The  fuel  pressure  transmitter  senses  fuel 
pressure  and  transmits  a  signal  to  the  fuel 
pressure  gage.  This  gage,  installed  on  the  fuel 
tank,  incorporates  -  two  float  switches.  A 
low-level  warning  switch  actuates  the  low  fuel 
light  on  the  instrument  panel;  and^  low-level 
"cutout  swi'tch~v^TausFthe  eng'  :o  shut  down 
in  the  event  of  low  fueUupply. 

The  lube  oil  system  (fig.  13-25)  will  prevent 
the  unit  from  starting  until  sufficient  oil 
pressure  is  attained  and  will  also 'shut  down  the 
air  conditioner  in  fhe  event  of  low  oil  pressure. 

Water  System 

Three  separate  requffements  are  fulfilled  by 
the  air-conditioner  water  system  (fig. 
13-26)-engine  coolingy  lube  oil  cooling,  and 
reheating  of  air  during  the  dehumidification 
mode. 

In  the  ventilation  and  cooling  modes  of 
operation,  the  water  function  operates  as 
follows.  Coolant  leaves  the  engine  and  passfes 
through  the  radiator.  From  the  radiator,  the 
coolant  passes  through  the  lube  oil  cooler  and 
back  to  the  engine.  A  small  amount  of  coolant 
passes  through  the  reheat  coil  and  bypass  valve. 
The  coolant  that  passes  through  the  b>  pass  valve 
maintains  the  required  reheat  during  the  cooling 
mode  of  operation.  When  the  air  conditioner  is 
in  the  dehumidification  mode,  the  water 
solenoid  valve  opeiis  to  allow  maximum  flow 
through  the  reheat  coil. 

Airflow 

Airflow  is  provided  by  the  axial-type 
condenser  fan  and  the  centrifugal  evaporator  fan 
(fig.  T3-277rThe-eondeiise^fan  provides  air  for 
both  condensing  and  engine^coolingrGondfixiang^ 
air  is  drawn  through  pressure  controlled  dampers 
that  operate  in  response  to.  refrigerant  pressure. 
The  air  passes  across  the  tube  and  condenser 
coils,  where  it  condenses  the  hot  gaseous 
refrigerant  leaving  the  refrigerant  compressor. 


Conditioned  air  is  provided  by  the 
evaporator  fan,  drawing  in  fresh  air  througTi  the 
air  filter  on  the  rear  of  the  unit.  This  air  then 
.  passes  across  the  evaporator  coil  and  reheat  coil. 
A  solenoid-operated  dump  valve  and  pressure 
switch  are  provided  to  prevent  surging  when 
conditioned  air  delivered  from  the  air  condi- 
tioner is  between  30  and  70  pounds  per  minute. .  - 

Refrigerant  System  , 

The  air-conditioner  refrigerant  operation 
(rig."^13^S)Ts^initiated'When"tK^^^  — 
(fig.  13-29)  is  positioned  to  COOL  or  DEHUM. 
Continued  operation  is  maintained  with  the 
selector  switch  also  set  to  VENT  until  the  system 
pumps  down.  Operation  o£the  refrigerant  modes 
is  explained  in  the  following  paragraphs. 

COOLING  MODE.-lTie  cooling  mode  is 
initiated  when  the  selector  switch  (figure  13-29) 
is  set  to  COOL:  Hot  refrigerant  gas  leaves  the  - 
compressor  at  the  discharge  valve  and ,  passes 
through  the  condenser  coils  and  to  the 
refrigerant  receiver.  Condensation  of  the  gaseous  ^ 
refrigerant  is  controlled  by  damper  operators 
that  sense  re fpgerant  discharge  pressure  at  the 
receiver  output.  From  fhe  receiver  the 
refrigerant,  now  a  ^  high-pressure  liquid,  passes 
through  fhe  filter-drier  and  the  liquid-auction 
heat  exchanger,  where  it  ,  is  cooled  by 
low-pressure  refrigerant  gas  from  the  evaporator 
coil.  Upon  leaving  the  liquid-suction  heat 
exchanger,  the  refrigerant  passes  through  the 
pumpdown  and  cooling  solenoid  valves  and 
moisture  indicators  to  the  pumpdown  and 
cooling  expansion  valves  where  it  is.  metered  into 
the  evaporator  coil.  Then  leaving  the  evaporator 
coil  and  passing  through  the  suction  tube  of  the 
heat  exchanger,  the  refrigerant  returns  to  the 
compressor  as.  a  low-pressure  gas  through  the 
pressure  regulator  valye. 

When  discharge  air  is  reduced  to  just  above 
frosting  temperature,  the  cooling  thermostat  will 
open  and  deenergize  the  cooling  solenoid  valve 
which  cause  cooling  to  be  decreased  by  75 
percent^^as^the  refrigerant  will  be  flowing"^ 
through  onlyTBTlnmpdQwn^expansio  valve. 
.  As  a  result,  the  discharge  air  temperature  will 
increase.  A  .  pressure  -  switch  is  prowled'-^-^o-^^ 
maintain  compressor  operation  in  the  event  the 
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Figure  13-27.— Airflow  diagram. 


heat  Ibad  is  reduced  considerably.  This  swifch 
senses  suction  pressure  and  closes  when  suction 
falls  below  30(±1)  psig.  The  switch  will  open 
when  the  suction  pressure  increases  to  40  (±1) 
psig,  due  to  an  increasing  heat  load. 
y  '  - 

DEHUMIDIFICATION  MODE.-The 
dehumidiflcation  mode  is  initiated  when  the 
selector  switch  is  placed  in  the  DEHUM 
position..  Operation  of  the  refrigerant  system  is 
identical  to  t)iat  of  the  COOLING  mode.  The 
only  change  is  that  the  water  solenoid  valve  is 
energized,  allowing  hot  engine  coolant  to  pass 
through  the  reheat  coU. 


VENTILATION  MODE.~The  ventUation 
mode  will  be  initiated  after  a  period  of  time 
when  selecting  the  VENT  position  -  on  the 
control  panel  (fig.  13-29),  This  deenergizes  the 
refrigerant  system  controls,  with  exception  of 
the  pumpdown  relay  and  compressor  clutch. 
With  these  yalves  closed,  the  refrigerant 
compressor  will  attempt  to  evacuate  the  suction 
side  of  tKe  compressor.  When  the  suction 
pressure-is-  redttc©d-ia-thc-'se^-point--of-^he 
low-pressure  cutout  switch,  the 
high/low-pressure  cutout  switch  opens  and 
breaks  the  circuit  to  the  pumpdown  relay  and 
the  compressor  clutch. 
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M5 
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DISCHARGE  PRESSURE  GAGE 
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Figure  13-28.-RefrlgerantflQW  diagram. 
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1. .  Panel  lighliwitch  S?..  .  .  . 

2:  Panel  light  DS3 

3.  Compressor  light  DS2. 

4.  Start  twitch  S5  • 

5.  Selector  switch  S8 
fi.  Stop  switch  36 

7.  Ptinel  light  DS4 

8.  Airflow  rate  gage^MT. 

9.  Discharge  pressure  gage  IVI4 
10.  Evaporator  Pressure  gage  M5 


JU^.  Suction,  pressure  (^^JVI6.  

12.  Air  temperature  gage  M2 

13.  Air  pressure  gage  hiZ 

14.  Engine  speed  hidicator  Ml  3 

15.  Throttle  control 

16.  Fuel  oil  pressure  gage  M8 

17.  .  Lube  oil  pressure  gage  Ml  0 

18.  Battery/generator  Indicator  M9 

19.  Water  temperature  gage  1VI7 

20.  Low  fuel,  warning.light  DS1 


Figure  13-29.— Control  and  gage  subpanels. 
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TROUBLESHOOTING 

Not  all  of  the  possible  troubles  that  might  be 
encountered  in  conjunction  with  the  NR-IO  can 
be  covered  here;  however,  table  13-2  lists  the 
troubles  most  likely  to  be  encountered,  probable 
causes  for  each  trouble,  and  the  remedy. 

MAINTENANCE 

Maintenance  data  for  the  air  conditioner 
includes   information    for  servicing,  testing. 


adjusting,  and  lubricating.  Applicable  safety 
precautions  and  first  aid  information  are  also 
included.  For  more  maintenance  information, 
refer  to  the  Operation  and  Service  Instructions 
for  the  NR-10  air  conditioner. 


Servicing 

Some  of  the  more  common  servicing  tasks 
are  mentioned  here  for  background  information. 
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Table  13-2.-TrouUetfiooting 


Trouble 


Possible  cause 


Remedy 


Panel  lights  fail  to 
illuminate. 


COMPRESSOR  light 
fails  to  illuminate. 


COMPRESSOR  light 
flluminated;  compressor 
not  operating. 

Refri'gerant  compressor 
starts  with  selector  switch 
set  to  vent. 

\  ■ 


Refrigerant  compressor 
fails  to  start. 


Defective  lamp. 

Defective  panel  li^t 
switch; 


Battery  cables  disconnected 
or  batteries  defective. 

Defective  wiring. 


Defective  lamp. 
Compressor  not  operating. 

Defective  light.  - 
Defective  wiring. 
Defective  light. 


Defective  selector 
switch.  ' 

Defective  cooling  relay. 

Defective  pumpdown 
relay.  ;  ^ 

I 

Defective  wiring. 

High/lQw  pressure  cutout 
switcj^not  reset. 

Oil  pressure  cutout 
switch  not  reset. 

Suction  pressure  less 
than  (±)  1 1  psig. 
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Replace  lamp. 
Replace  switch. 


Reconnect  cables  or  ' 
replace  batteries. 

Oieck  and  repair 
wiling. 

Replace  lamp. 

Refer  to;  Refpgerant 
compressor  fails  to 
start. 

Replace  light. 

Check  and  repair  wiring. 

Replace  li^t. 


Rei)lace  switch. 

Replace  rel^. 
Replace  relay. 

Check  and  repair  wiring. 

Press  higji-pressure 
ciitoi^t  switch  button. 

Press  oil  pressure 
cutout  reset  button. 

Connect  jumper  win 
across  switch  terminals. 
When;  compressor  starts 
.remove  wire. 
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Table  13-2.-Troubleshooting-Continu6d 


Trouble 


Possible  cause 


Remedy 


Refrigerant  compressor 
fafls  to  start-  Continued- 


Discharge  pressure 
gage  indicates 
less  than  168  psi. 


Diesel  engine  luiuiiiig 
too  slow. 

Defective  high/low 
pressure  switch. 

Defective  oil  pressure 
cutout  switch. 

Defective  diesel 
interlock  switch. 

Defective  cooling 
relay. 

Defective  pumpdown 
relay. 

Defective  magnetic 
clutch. 

Defective  refrigerant 
compressor. 

Defective  wiring. 

Shutoff  valve  closed. 

Low  refrigerant 
charge,  as  indicated 
by  presence  of 
bubbles  in  sight  ' 
glass. 

Damper  operators 
defective  or  out  of 
adjustment. 

Defective  hot  gas 
bypass  solenoid  valve. 

Defective  quench 
line  solenoid  valve. 

Defective  gage. 
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SeMiesel-engine^  to- 
proper  rpm. 

Replace  switch. 


Replace  switcKT 

Replace  switch. 

Replace  relay. 

Replace  relay. 

Replace  clutch. 

Replace- compressor. 

Check  and  repair  wiring. 

Open  valve. 

Leak  test  refrigerant 
system.  If  ndjleaks  are 
detected,  add-^^efrigerant. 


Adjust  or  replace 
damper  operatojs. 

.  \ 

Replace  solenoi^  valve. 

'  K 
"% 

'•J 

Replace  solenoid  valve. 

s 

Replace  gage.  ^ 
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Table  13-2.-Troubieshootin9-Continuod 


Trouble 


Possible  cause 


Remedy 


Discharge  pressure 
gage  indicates  less 
than  168  psi. 
Continued 

Discharge  pressure 
gage  indicates 
greater  than  317  psi. 


Evaporator  pressure 
gage  indicates 
zero  psi. 

Evaporator  pressure 
gage  indicates  less 
than  55  psi. 


Defective  refrigerant 
compressor. 

Defective  wiring. 

Condenser  coil  clogged, 
or  obstructed. 

Overcharge  of 
refrigerant. 


Damper  operators 
deflective  or  out  pf 
adjustment. 

Defective  gage. 

Shutoff  valve  closed. 

Defective  gage. 

Extremely  low  ambient 
temperature  (Below 
zero°  F.) 

Dirty  filter  or 
obstruction  at  filter 
guard. 


Low  refrigerant 
charge. 


Replace  compressor. 


Check  and  repair  wiring. 

Remove  obstruction  and 
clean  condenser  coil. 

WARNING!!! 

Avoid  bodily  contact  

with  liquid  refrigerant. 
Avoid  inhaling  reflrigerant 
gas.  Be  especially  careful 
that  refrigerant  does  not 
contact  the  eyes. 

Connect  charging  hose  to 
suction  charging  valve, 
partially  front  seat  valve; 
allow  small  amounts  of 
refrigerant  to  bleed  to 
atmosphere  until  discharge 
pressure  falls  within 
normal  operating.pressute. 

Adjust  or  replace  damper 
operators. 


Replace  gage. 
Open  valve.  \ 


Replace  gage. 


\ 


Shut  down  air  conditioner. 


Remove  obs^uction  or  \ 
service  filter. 


Refer  to  Discharge 
pressure  problem. 
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Table  13-2.-Troublethooting-Continued 


Trouble 

Possible  cause 

Remedy 

Evaporator  pressure 

Suction  pressure 

Replace  or  repair 

gage  indicates  less  than 

resulator  defective 

reeiilator 

^  ^  55  psi.  Continued 

or  out  of  adiiistrnpnt 

Qogged  filter-drier. 

Replace  filter-drier  core. 

ju>A^aIiblUIl  Vdl VCb 

defective  or  out  of 

expansion  valves. 

adjustment. 

Defectivegage.  

-Replace  gage:;  

Evaporator  pressure 

^11  ptin  n  nrpcci  irp 

gage  indicates 

regulator  defective 

regulator. 

greater  than  60  psi. 

or  out  of  adjustment. 

Fynan^ion  vnlvp^ 

AHiiict  or  rpnlapp 

defective  or  out  of 

expansion  valves. 

adjustment.  . 

Defective  gage. 

Replace  gage. 

Suction  pressure 

Shiitoff  valvp  plo^d 

Onerj  valvp 

  gage  indicates  _              ■  '  

zero  psi. 

Defective  gage. 

Replace  gage.  " 

Suctionipressure. 

Hot  nrp^miirp 

AHiii<;t  or  rpnlapp 

gage  indi( 

:ates 

recfiilator  Hefpptivp 

regulator 

less  than 

40  psL 

or. out  of  adjustment. 

;  1 

Defective  pressure 

Replace  switch. 

switch. 

Refrigerant  compressor 

Adjust  unloaders. 

unloader  mechanism 

out  of  adjustment. 

Expansion  valves 

Adjust  or  replace 

defective  or  out  of 

expansion  valves. 

adjustment. 

Defective  gajge. 

^Replace  gage. 

! 

1 

Defective  wiring. 

Check  and  repair  wiring. 
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;/  Table  13-2.-Troubl6ihootin9-Continuad 


Trouble 

Possible  cause  ' 

Remedy 

Suction  Dressure 
gage  indicates 
greater  than  60 
psi. 

Refer  to  the  above 
steps  for  the  gage 
reading  less  than 
40  psi. 

X 

X 

Defective  refrigerant 
compressor. 

Replace  compressor. 

Air  temperature 
sace  indicates 
less  than  90°  F 

Extremely  low  ambient 
temperature  (below 
0°  F). 

Shut  down  air  conditioner. 

with^lectorswitcb 
set  to  DEHUM 

Clogged  water, §trainer. 

Service  strainer. 

:  A 

/ 

Water  regulator  valve 
defective  or  out  of  ■  ■ 
adjustment. 

Adjust  or  replace 
water  regulator  valve. 

r 

Defective  heat  coil  ^ 
solenoid  valve 

Replace  solenoid  valve. 

;  - 

Defective,  cooling 
solenoid  valve. 

Replace  solenoid  valve. 

* 

Defective  selector 

Replace  switch. 

Defective  gage. 

Replace  gage. 

Defective  wiring. 

Check  and  repair  wiring. 

Air  temperature 
pa  PR  indicates 
less  than  40"^  F 
with  selector  set  to 
COOL. 

Extremely  low  ambient 
temnerature  ^below  O*'  FV 

Thermostat  defective 
or  out  of  adjustment. 

Shut  down  air  conditioner. 

Adjust  or  replace 
thermostat. 

Suction  pressure  -  — 
regulator  defective 
or  out  of  adjustment. 

-Adjust  or  replace  r-egulator. 

Defective  cooling 
solenoid  valve. 

Replace  solenoid  valve.  . 

Defective  hot  gas 
bypass  solenoid  valve. 

Replace  solenoid  valve. 
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'Table  13-2i-Troubluhooting-Con.tinued 


Trouble 

Possible  cause 

Remedy 

Air  temperature 
gage  indicates  less 
than  40""  F  with 
selector  set  to 
CXX>L.  Continued 

V 

Defective  quench  line  c 
solenoid  valve. 

Defective  gage. 
Defective  wiring. 

R.eplace  solenoid  vaWe. 

Replace  gage. 

Check  and  repair  wiring. 

Refrigerant  com- 
pressor shuts  down 
in  DEHUM  or  COOL 
modes. 

J 

High  discharge  ., 
pressure. 

Refer  to  trouble  for 
discharge  pressure  gage 
indicating  greater  than 
317  psi. 

.Low  suction  pressure. 

Refer  to  trouble  for 
suction  pressure  gage 
reading  less  than  40  psi. 

1 

Low  compressor  oil 
pressure.  ' 

Check  oil  leveL  If  low, 
add  oil. 

/\ 

Defective  selector 
switch. 

Replace  switch. 

Defective  refrigerant 
cpmpresspr. 

Replace  refrigerant 
compressor. 

Defective  wiring. 

Check  and  repair  wiring. 

Refrigerant 
compressor  fails  to 
shut  down. 

Defective  high/low 
pressure  cutout 
switch^^ 

Replace  switch.  •/ 

Refer  to  trouble, 
refrigerant -campressor 
starts  with  selector  ^ 
switch  set  to  VENT. 

AIR  FILTER  SERVICING. -The  intake  air 
filterjs  of  the  permanent,  washable  type  and  can 
be  cleaned  as  follows: 

1.  Remove  the  air  filter  from  its  mounting. 

2.  Inspect  the  filter  for  damage  '  or 
deterioration  and  replace  if  necessary.  > 

3.  Wash  the  filter  with  dry  cleaning  solvent 
(Federal  Spec.  P-I>680)  and  flusfr'with  hot 
water. 


4.  Allow  the  filter  to  dry  thoroughly  and 
then  oil  lightly  with  general  purpose 
lubricating  oil  (Federal  Spec.  W-L-820B  or 
equivalent). 

5.  Reinstall  the  filter  in  the  unit. 


LEAK  TESTING.-Oily  film,  deposits 
around  piping  connections  and  valve  bonnets  are 
an  indication  of  refrigerant  loss.  Leaks  may  be 
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detected  by  use  of  a  Halide  torch  or 
electronic  leak  detector,  as  outlined  below. 


an 


1.  Open  the  access  doors,  remove  the  access 
panels,  and  remove  the  top  of  the  unit  to  gain 
access  to  the  refrigerant  lines  and  tubes. 

2.  Operate  the  air  conditioner. 

3.  Pass  the  exploring  tube  of  a  Halide  torch 
or  the  probe  of  an  electronic  leak  detector  over 
all  refrigerant  fittings,  couplings,  and  valves. 

4.  Mark  all  spots  where  leaks  are  found. 

5.  Before  attempting  to  repair  any  leaks, 
pumpdown  the  refrigerant  system.  (Refer  to  the 
Operation  aijd  Service  Instructions  for 
pump-down  procedure.) 

6.  Repair  all  leaks  detected. 

7.  Refer  to  the  Operation  and  Service 
Instructions  for  procedures  for  pressure  testing 
and  dehydrating  the  system. 


DRIER-STRAINER 
SERVICING.--Replace 
cartridge  as  follows: 


(DEHYDRATOR) 
the  drier-strainer 


1 .  Refer  to  the  Operation  and  Service 
Instructions  and  pumpdown  the  system. 

2.  '  Remove  the  six  bolts  securing  the  cap  on 
the  drier  case,  and  remove  the  cap. 

3.  Remove  the  cartridge  from  the  case  and 
install  a  new  cartridge. 

4.  Replace  the  case  cap. 

5.  Refer  to  the  Operation  and  Service 
Instructions  arid  evacuate  and  dehydrate  the 
system. 

6.  Leak-test  the  drier-strainer  at  the  cap  as 
previously  described. . .   


First  Aid  Treatment 


If  liquid  refrigerant  comes  into  contact  with 
the  skin,  a  seriouS  injury  will  resuh.  Such  injury 
must  be  treated  as  if  the  skin  were  severely 
frostbitten  or  frozen.  Flush  the  area  with  clean 
water  and  seek  medical  attention  immediately. 
If  liquid  refrigerant  comes  into  contact  with  the 
eyes,  flush  with  clean  water  and,  again,  seek 
medical  attention  immediately. 


Safety  Precautions 

The  precautions  presented  here  must  be 
observed  in  order  to  prevent  iiyury  to  personnel 
working  on  or  in  the  immediate  vicinity  of  any 
air-conditioning  unit  whUe  maintenance  is  being 
performed  on  the  ynit. 

1*  Suitable  eye  protection  must  be  used 
when  handling  refrigerants. 

2.  Never  heat  a  refrigerant  drum  with  a 
torch  or  any  other  open  flame. 

3;  When  repairing  a  i'efrigerant  system, 
always  blow  out  any  residual  refrigerant  before 
attempting  to  heat  the  pipe  or  tubing. 

4.  Never  put  liquid  refrigerant  into  a 
compressor  suction- line. 

5.  Inspect  all  charging  lines  for  brittleness 
and  condition  of  the  couplings  prior  to  use. 

6.  Do  not  allow  refrigerant  to  come  into 
contact;;  with  the  skin. 

7.  If  a  large  refrigerant  spill  occurs, 
ventilate  the  space  immediately. 
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PRESERVATION 


Siiitable  protection  against  corrosive  attack 
is  achieved  essentially  ]by  placing  a  barrier 
between  the  cleaned  surface  that  is  to  be 
protected  and  any  possible  source  of  moisture. 
During  manufacture  or  overhaul,  protective 
barriers  ^such  as  electroplate,  paint,  or  chemical 
surface  treatment  are  provided.  Surfaces  that 
cannot  be  so  treated,  and  in^some  instances  the, 
treated  surfaces  themselves,  must  be  covered 
with  Special  corrosion-preventive  compounds. 


PRESERVAlraON  METHODS 

•  •/ 

The  protection  given  by  corrosion-preventiye 
compounds  is  effective  only  if  no  mbisture, 
dirt,  or  active  corrosion  is  present  on  the  treated 
surface.  It  is  essential,  therefore,  that  the 
equipment  be  thoroughly  clean  and  dry  before  a 
preservative  compound  is  applied.  It  is  also 
necessary  that  an  unbroken  film  of  preservatives 
be  applied  in  an  atmosphere  as  mbisture  free  as 
practicable.  ;  ^ 

Compounds  alone  do  not  provide  complete 
"""---^tection.  Tapes,  barrier  paper,  and  sealing 
devices  must  also  be  used  to  seal  off  openings 
which,  if  allowed  to  remain  open  during, 
long-time  stowage,  would  permit  the  entry  of 
moisture  and.  dirt.  To  provide  additional 
protection;  against  •  :orrosion,  a  cdrtiplete 
moisture  barrier  is  sometimes  provided.  Internal 
areas  that  have  been  sealed  off  are  dehydrated 
by  installing  desiccants  (moisture  absorbents)  to, 
remove  entrapped  moisture  unless  the  cavity  is' 
protected  with  a  vapor  corrosion  inhibitor. 
When  any  areas  cannot  fee  sealed  adequately, 
provision  must  be  made  for  ventilation  and 
•  moisture  drainage. 


When  certain  groynd  support  equipment  is 
not  bemg  used  regulahy,  its  "components  are 
required  to  be'preserved.  The  type  of  oil  or 
other  protective  iTeat'ment  which  is  to  be . 
applied  subsequently  depends  upon  the 
anticipated  period  of  idleness. 

The  following  paragraphs  contain  a  summary 
of  the  different  classifications  of  preservation 
which  have  been  adopted  as  standard  and  the' 
applications  for  which  each  is  mtended.  The 
ASM  should  be  familiar  with  these  classifications 
or  "^types.  These  types  are  for  uninstalled  gas 
turbine  engines  and  the  'engines  that  are 
scheduled  for  early  removal  from  equipment. 
Refer  to.NAVAIR  15-02-500  or  to  the  proper 
equipment  manual  for  correct  procedures. 

Type  I  preservation  of  gas  turbme  engines 
includes  internal  protection  of  the  various  fluid 
systems  under  type  II  or  type  IV  requirements, 
followed  by  mstallation  6f  the  engines  m 
dehydrated  containers.  . 

Type  II  preservation  of  gas  turbine  engines 
accomplishes  the  protection  of  all  fluid  systems, 
followed  by  seating  of  external  openings  to 
•pfevenf  the  entrance  of  .  foreign  materials  and 
moisture.  Gas  turbine  engines  in  type  II 
nondehydrated  status  require  rotation  with  the 
starter  or  an  -external  turning  device  at  least  once* 
every  30  days. 

Type  III  preservation  differs  from  type  II  in 
that  the  entire  engine  fuel  system, Including  all. 
lines,  pumps,  and  metering  devices,  is  kept  filled 
with  the  sp(&cified  service  fuel.  Also  for  type  III  ^ 
preservation,\the  sealing  of  external  openings 
'^v  b<-  e  casual;  openings  may  be  closed  by 
;  -     jders  or  plugs. 

iv'  preservation  for  moperable  gas 
^•biVivi  engines  differs  from  types  II  and  III  in 
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that  a  powered  (hot)  engine  run  is  not  required. 
Instead,  exercising  the  engine,  rotating 
components,  and  redistribution  of  the 
lubricating  oil  to  the  bearings  may  be 
accomplished  by  rotating  the  engine  with  the 
starter  or  an  external  turning  device.  Type  IV 
preservation^  is  designed  for  the  protection  of 
engines  inoperable  due  to  inissing  parts  or 
accessories,  lack  of  test  stand  facilities,  or 
internal  failure. . 

Type  V  preservation  includes  the  emergency 
treatment  of:,gas  turbine  engines  in  which  the'* 
engine  has  been  exposed  to  salt  water,  foamitcj 
or  other  fireflghting  chemicals. 

In  maintenance  of  metal '-surfaces, 
preservation  means  supplementing  the 
protection  already  present,  or  providing 
temporary  protection  to  damaged  areas,  by  the 
use  of  various  protective  coatings  and  \barrier 
materials.  A  brief  description  of  some  of  the 
more  common  materials  used  in  preservation  is. 
included  in  the  following  paragraphs. 

SOLVENT  CUTBACK 
COMPOUND 

This  material  is  familiarly  known  as 
**paralketon."  It  is  supplied  in  four  grades  for 
speeiflc  application:  All  grades  of  this  compound 
may  .be  applied  by  brush,  dip^  or  spray.  Tliey 
may  be  ea^y  removed  with  Stoddard  Solvent  or 
mineral  spirits.  These  materials  are  designed  for 
cold  application.  Sonie  preservative  compounds 
must  be  applied  hot;  therefore,  when  intending 
to  jose  one  of  the  grades  of  this  solvent  cutback 
material,  the  specification  number 
(MIL-C- 1 6 1 73)  should  always  be  verified. 

Grade  1  forms  a  dark,  hard-film,  opaque 
covet.  Its  general  use  is  limited  because  of  the 
difficulty  in  removing  aged'  coatings  and  also 
because  of  the  hiding  power  of  the  material 
when  it  is  applied  over  corroded  areas.  This 
material  is  used  only  where  maximum 
protection  against  salt  spray  is  required. 

Grade  2  is  a  soft-film,  grease-type  material 
that  can  be  tised.  on 'most  operating  parts.  Its 
chief  disadvantage  is  the  fact  that  it  nray  be 
washed  off  under  direct  exposure  to  salt  water 
-  or  may  be  removed  by  inadvertent  wiping.  It 


protects  \inder  relatively  severe  conditions  and, 
given^adequate  maintenance  and  touchup^as 
necessary,  can  be  used  for  most  maximum 
protection  requirements. 

Grade  3  is*  a  very  light,  water-displacing 
"  preservative,  with  the  ability  of  penetrating 
under  surface  water  and  forming  a  protective 
film  on  the  metalC  This  material  is  most  effective 
in  treatment  of  equipment-or  components  after 
direct  exposure  of  critical  sui:faces  to  water  of 
firepghting  chemicals^  or  for  intemal'protectioa 
of  water-carrying  sykems.  This  grade  itself 
offers  only  limited  protection  for  short  periods 
of  time  and  must  be  supplemented  by  frequent 
maintenance  or  heavier  materials  as  soon  as. 
practicable. 

Grade  ,4  preservative  forms  thin, 
semitransparent  films  through  which, 
identification  data  can  usually  be  read.  It  also 
sets  up  relatively  dry  to  the  touch  so  that 
preserved  parts  may  be  easily  handled.  This 
grade  has  proved  particularly  effective  in 
protecting '  wheel  well  areas  and  other  exposed 
surfaces  where  film  t?ansp,j«ncy  is  required  and 
moderate  protective  characteristics  can  be 
tolerated.  The  main  disadvantages  of  this 
material  are  that  it  is  easily  removed  by  water^ 
spray  and  requires  replacement  at  1 -month 
intervals  under  severe  exposure  conditions. 

CORROSION-PREVENTIVE 
PETROLEUM 

These  preservatives  are  designed  for  hot 
.'application  and  ^are  available  in  two 
classes-Qass  i  (hard  film).  and-<3ass  3  (soft 
film).  Both  consist  of  corrosion  inhibitors  in 
petroleum.  They  are  removed  with  Stoddard 
Solvent  or  mineral  spirits.  Where  a  hard  film  is 
not  necessary,  Qass  3  should  always  be  Used  as 
it  is  easier  to  apply  and  remove  yet  renders  the 
same  degree  of  protection.  Qass  1  is  generally 
used  for  longtime  indoor  protection  of  Highly 
finished  metal  surfaces.  Class  3  is  used  to 
provide,  protection  of  ,  metal  surfaces  such  as 
antifriction  bearings,  pistons,  and  other  bright 
"  metal  surfaces. 

Class  1  must  be  heated  to  170°  to  200''  F 
before  applying  by  brush  or  dip.  For  brushing 


'Chapter  14-PRESERVATION 


Qass  3  material,  it  must  be  between  60"  and 
120"  F,  and  for  dipping,  between  150"  and 
180"F.  , 

PACKAGING  AND  BARRIER 
MATERIALS 

Packaging  and  barrier  materials  are  used  to 
seal  off  critical  areas  of  support  equipment 
during  shipment,  storage,  maintenance,  and 
repair.  These  materials  are  also  used  to  protect 
removed  components  when  they  are  sent  to 
overhaul. 

Waier-Vaporproof  ^ 
Barrier  Material  ^ 

This  material  is  a  laminated  metal  foil  barrier 
that  has  good  wiater-vapor  resistance  and  can  be 
used  for  protection  of  acrylics  during  cleaning, 
and  for  necessaiy  packaging  of  removed 
components  and  accessories  being  returned  to 
overhaul.  It  is  heat-sealable  with  a  soldering  or 
clothes  iron. 

f  '  '  .      ..  . 

Polyethylene  Plastic 
Filin 

This  barrier  material  is  used  for  the  same 
•  purposes  as  the  metal  foil  barrier  material  and  is 
much   less   expensive.  It  is,  however,  not 
puncture  resistant.  The  plastic^ film  is  heat 
scalable  only  with  special  equipment. 

Polyethylene  Coated 
Qoth 

Qoth  of  this  type  is  used  to  a  greater  extent 
in  ground  support  equipment  covers.  Its  use  is  - 
preferred  over  the  plastic  material  for  general 
shrouding  because  of  its  greater  tear  and 
puncture  reikis tance.  ^» 

Tape,  Federal  Specification 
PPP-T-60,  TYPHI,  CLASS  1 

This,  pressure-sensitive  tape  is  used^for 
closure  of  small  openings  and  for  direct  contact 
use  onjrtoncritical  metallic  sUrf aces.  The  tape  has  ' 
moderate    water-vapor   resistance,   which  is 
generaUy  adequate  for  maintenance  use.  The 


main  disadvantage  of  this  tape  is  that  some 
cloth-backed  materials  have  not  been  preshrunk, 
and  tape  closures  tend  to  pull  loose  when 
exposed  to  high  humidity  conditions. 


Covers  and  Shrouds  • 

Many  ,  types  of  support  equipment,  when 
delivered  by  the  manufacturer,  are-  equipped 
with  a  complete  set  of  tailored,  dust  and 
protective  covers.  These  covers  and  shrouds 
should  be  installed  in  such  a  manner  that  free 
drainage  is  assured.  Do  not  create  a  bathtub 
which  will  trap  and  hold  water.  Shrouds  or 
covers  may  also  act  as  a  greenhouse  in  warm 
weather  and  cause  collection  and  condensation 
of  moisture  underneath.  The  shnnid  should  be 
loosened  or  removed  and  .  the  equipment 
ventilated  on  warm  sunny  days-.  Where 
protection  from  salt  spray  is  required  aboard 
carriers,  the  covers  should  be  left  in  place  and 
the  equipmentjrentilated*^only  in  good  weather. 
Fresh  water  condensation  will  do  far  less  damage 
than  the  entrapped  salt  spray. 

In  emergencies  where  regular  waterproof 
canvas  covers  are  not  available,  suitable  covering 
and  shrouding  may- be  accomplished  by  using 
polyethylene  sheet,  poliJ^ethylene-coated  cloth, 
or  metal  foil  barrier  niaterial,  all  of  which  are 
available  in  the  Navy  supply  system.  These 
covers  should  be  held  in  place  with  adhesive 
tapes  designed  specifically  for  severe  outdoor 
application,  The^  tapes  are  also  available  in 
supply.  , 

GE^fERAL  HANDLING  . 


There  are  many  commonsense  practices 
which  , should  be  observed  to  minimize  paint 
damage^',  and  the  loss  of  built-in  protective 
systems  dluing  operation  and  maintenance  of 
support  eqiijpment. 

Painted  surfaces  will  withstand,  a  normal 
amount  of  abrasion  by  air  lines,  fuel  hoses,  etc. 
However,  these  Mtem'^  pick  up  bits  of  sand, 
grivel,  arid  metal  chips  and  become  a  coarse 
abrasive  which  scratches  and  scruffs  the 
protective  finis^  to  the  point  where  it  is 
rendered  completely  inieffective  under  shipboard 
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operating  conditions.  Dropping  tools,  toolboxes, 
etc.,  on  the  surface  also  chips. and  cracks  the 
paint.  / 

When  access  plates  are  removed  during 
inspections,  the  removed  hardware  should  not 
be  placed  on  the  deck  to  blow  around  and 
become  scratched.  It  is  not  practical  to  provide 
pads  .  or  cushioning  for  these  components,  but 
tl^ey  should  at  least  be  secured  to  prevent  their 
movement.  When  power  tools  or  handtools  are 
used  to  reltiove  screws  and  quick-disconnect 
fasteners,  particular  care  should  be  taken  to 
avoid  scratching  the  paint.  Five  minutes  of  extra 
time  spent  in  careful  use  of  tools  will' save  5 
hours  of  paint  touchup  and  corrosion  removal 
work  later. 


new  paint.  After  the  abrasive  operation  is 
completed,  wash  the  area  with  fresh  water  to 
remove  all  abrasive  residues. 

Next,  all  sanded  areas  and  ^  exposed 
bare-metal  surfaces  are  wiped  down  with  light 
mineral  spirits  solvent  or  alcohol,  followed  by  a 
washing  with  detergent.  Remove,  any  lobsened 
seam  sealants  in  the  area  to  he  touched  up  and 
replace  as  necessary;  this  includes  securing  any 
loose  rubber  seals.  The  area  to  be  painted  is  then 
outlined  with  masking  tape  and  masked  with  a 
marking  paper  to  protect  adjoining  surface  areas 
from  .overspray  and  excessive  paint  buildup. 


DEPRESERVATION 


PAINTING 

The  ASM.  will  te  required  to  involve  himself 
in  extensive  pointing  projects,  although  the  ASH 
has  the  basic  responsibility  for  .painting. 
However,  he  may  be  called  upon  to  aid  in  the 
preparation  pf  the  surfaces  tO  be  painted  and 
may- even  perform  small  painting  jobs  where  a 
paint  touchup  is  all  that  is  necessary  as  part  of  a 
corrosion-prevention  program.  Therefore, 
painting  is  discussed  very  briefly  and  is  pointed 
toward  paint  touchup. 

Surface  Preparation 


Effectiveness  of  any  paint  finish  and  its 
adherence  to  the  surface  depends  on  the  careful 

.    preparation  .  of  the  surface  prior  to  painting. 
"First,  all  loose  paint  must  be  brushed  off,  and 

^    curled  or  flaky  edges  must  be  removed  if  good 

— adhesion,  -is  to -be-attained^The-touCliup_  paint, 
should  overlap  the  existing  good  ^aint  surface. 
The  touchup  materials  will  not  adhere  to  glossy 
finishes,  and  the  rough  edge  of  the  area  being 
painted  may  chip  away  unless  it  is  smoothed.  To 
break  the  glossy  finish  and  to  feather  (smooth 
out)  the  edges  for  overlap,  scuff-sand  with 
^  abrasive  paper  of  the  appropriate  type, 
depending  upon  the  type  of  surface  being 
repaired.- This  paper  should  be  a  fine  abrasive 
material,  o^  a  pumice  slurry  in  water  may  be 

,  used  in  its  place.  The  sanded  pattern  should 
provide  about  a  one-half-inch  overlap  for 'the 


The  support  equipment  under  the  care  of 
the  ASM  may  be  depreserved  to  be  put-  into 
service  or  rework,  or  for  \  inspection  and 
represei-vation  for  another  storage  period.  This 
will  determine  the  extent  of  the  depreservation. 
R  egardless  of  status  -of_  equipment, 
depreservation  must  always  include  the  removal 
of  deteriorated  lubricants,  preservative  coatings, 
barrier  materials,  strippable  plastic  coatings,  and- 
tapes.  If  equipment  is  being  depreserved  for 
represervation  for  another  storage  period,  a 
decision  must  be  made  to  either  remove  and 
replace  thie  plastic  coating  or  leave  the  coating  in 
place  and  touch  it  up  or  topcoat  it  with 
topcoating  material  until  complete  coverage  is 
obtained.  Coatings  must  be  removed  as" 
necessary  to  expose  en^he  and  other  systems-^' 
for  inspection  and  represervation.  If  ^the 
equipment  is  to  be  piit  into  service,  all 
preservative  must  be  removed, 

Depreservation  of  ga^  turbines  will  comply 
with.^JMAVAIEL.- 1 5i!2r50Q,„  J*rese^^^^  of 


Aircraft  Engines.  The  depreservation  of  a*-gas 
turbine  consists  of  the  f(Jllowing:  removal  of  all 
protective  coverings  and  seals;  drainage  of  excess 
{Preservative  compounds  from  the  fuel  and  oil 
systems;  and  servicing  of  the  fuel  and  oil 
reservoirs  to  normal  operating  levels  with  the 
specified  operating  materials. 

After  servicing  the  fuel  and  oil  systems,  the 
engine  should  be  run  for  about  10  minutes  with 
no  load.  After,  this  short  run  time,  the  lube  oil 
must  be  changed  and  the  fuel  and  oil  filters 
inspected  and  cleaned  or  replaced  if  necessary. 
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Equipment  properly  preserved  apd 
maintained  should .  require  a  minimum  of 
cleaning  after  the  storage  period.  Most  of  the 
cleaning  should  be  accomplished  during  the 
removal  of  .preservatives,  tapes,,  and  barrier 
materials.  Qeaning  should  be  accomplished  on 
the  basis  of  inspection,  evaluation,  and 
^equipment  status.  The  use  of  steam  ^and 
high-pressure  water  cleaning  should  be  avoided 
when  the  equipment  is  to  be  returned  to  storage. 
Hand-cleaning  .  methods  should  be  used, 
tr-cluding  vacuum  cleaners  to  remove  dust  and 
dirt  and  hand  wipedown  methods  to  remove 
oils,  greases,  and  preservatives.  Cleaning  should 
be  complete  enough  to  remove  the  preservative 
and>-  yet  utilize  the  mildest  procedures  and 
materials  that  will  do  the  job.  Plastic  coatings 
and  tapes  can  be  removed  by  stripping  from  the 
equipment.  Adhesive  residues  from  pressure  tape 
may  be  removed  by  rubbing  with  z  cloth 
saturated,  with  aliphatic  naphtha. 

'  Equipment  being  depreserved  after  ocean 
shipment  must  be  given  special  attention  to 
ensure  removal  of  entrapped  sea  water  and  salt 
deposits  as  soon  as  possible.  Equipment 
protected  by  strippable  plastic  coatings  should^ 
be  checked  soon  after  arrival  for  water  pockets 
by  punching  holes  at  low  points  in  any  bulges  or 
sags  in  the  coating.  Equipment  not 
plastic-coated  should  be  examined  for 
accumulations  of  sea  water.  Sea  water  deposits 


must  be  removed  immediately  by  flushing  with 
fresh  water  even  though  the  equipment  is  to  be 
deprese'rved  in  the  near  future. 

Lubrication  is  an  essential  part  of 
depreservation  since  application  of  lubricants  to 
clean  metal  surfaces  provides  protection  against 
the  harmful  effects  of  dirt,  water,  and  other* 
agents.  Following  cleaning  o  •  stripping  of 
equipment,  lubricate  all  exposed  points  and  any 
points  that  have  be^n  exposed  to  cleaning  and 
stripping  compounds.  All  grease  fittings  sjiould 
be  greased  to  force,  dirt,  water^  and  other 
hannful  agents  from  moving  parts.  The 
equipment  maintenance  jnanual  should  be 
consulted  for  lubrication  procedures.  Following 
depreservation  and  before  placing,  the  equipment 
in  service,  thorolighly  inspect  the  equipment  for 
corrosion  damage  and  correct  any  found. 

Some  of  the  preservants  used  on  equipment 
and  the  method  of  removal  are  listed  in  table 
14-1. 


CORROSION  CONTROL 

Modern  ground  support  equipment  is 
dependent. upon  the  structural  soundness  of  the 
metals  which  make  up. the  largest  percentage  of 
their  thousands  of  parts.  The^eatest  threat  to 
the  structural  integrity  of  the  equipment  is 
metals  corrosion.  With  liigher  strength  demands 


Table  14-1.— Equipment  preservants 


1  •  

Preservant  ^ 

•Method  of  Removal 

Plastic  protective  coating 

Manually  strippable.  ^ 

Soft  film  compound. 

Corrosion  preventive  fingerprint 

remover- 
General  purpose  lubricating  oil. 
Packaging  materials. 

By  drycleaning  solvent  P-D-680 
or  mineral  spirits  .TT-T-291. 

Rinse  with  drycleaning  solvent 
P-D-680  or  mineral  spirits 
TT-.T-291 

By  drycleaning  solvent  .R-D-sGSO  X,^^ 
or  mineral  spirits  TT-"T^291.  | 

Remove  overwrap  or  liner.  , 
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being  made  of  metals  and  tKe  closer  tolerances 
of  safety  demanded,  these  equipments  would 
rapidly  become  inoperative  \yithout  regula»* 
anticorfosion  attention.  , 

Corrosion  endangers  support  equipment  by 
reducing  the  .  strength  and  changing  the 
mechanical  characteristics  of  the  materials  used  . 
in  its  ponstruction.  Materials  are  designed  to 
carry  certain  loads  and  withstand  given  stresses 
as  well  as  to  provide  an  extra  margin  of  strength 
for  safety.  Corrosion  can  weaken  the  structure, 
thereby  reducing,  or  eliminating  the  safety 
factor.  Replacement  or  reinforcement 
operations  are  costly  and  time  consuming,  and 
reduce  usage.  Corrosion  in  electronic,  electrical, 
and  automotive  systems  often  causes-  serious 
malfunctions  which  Reduce  the  effectiveness  of 
the  equipment,  and  often  Sestroys,  it 
completely>. 

Material  presented  in  this  chapter  has  been 
corfijpileid  from  a  variety  of  sources  and'  has 
necessarily  been  greatly .  condensed.  Aa»  with 
other  training  courses,  no  maintenance 
procedures  should  be  initiated  which  are  based 
solely  on  inforiaation  contained  herein. 

.A.  thorough  comprehension  of  the  dangers  of 
corrosion,  the  ability  to  recognize  the  various 
types  of  corrosion,  and  the  development  of  the 
skills  necessary  to  cope  with  them  should  be 
included  in  the  objectives  as  every  maintenance 
training  program.  The  A5M  will  find  that 
^corrosion  control  frequently  turns  out  to  be  an 
all-hands  evolution. 'In  his  day-to-day  work  he 
can  improve  the  quality  of  corrosion  control  by 
observing  precautions  outlined  herein  Nvhen 
working  on  ground  support  equipment.  Careless 
handling  of  tools  and  equipment,,  scuffing  of 
feet,  etc.,  can  result  in  damage  to  prdtective 
finishes    leaving  an   area   unprotected  from 

surface  will*cause  corrosion  and  etching  of  the 
metal. 

Metal  corrosion-is  the  deterioration  of  m6tal 
when  combined  with  oxygen  to  form  metallic 
oxides.  This  combining  is  a  chemical  process 
which  is  essentially  the  reverse  "of  the  process  of 
smelting  the  metals  from  their  ores.  Very' few 
metals  occur  in  nature  in  the  pure  state.  For  the 
most  part,  they  occur  naturally,  as  metallic 
oxides.  The  refining  processes  generally  involve 
the  extraction' of  relatively  pure  metal  from  its 


ore  and  the  jaddition  of  other  elements  (either 
metallic  or  nonmetallicj.to  form  alloys. 

After  refining,  regardless  of  whether  or  not 
iUoyed,  base  metals  possess  a  potential  or 
tendency  to  return  to  their  natural  state. 
However,  the  potential  is  not  sufficient  in  itself 
to  initiate  and  promote  this  reversion.  There 
must  also  exist  a  corrosive  environment,  in 
which  the  significant  element  is  oxygen.  It  is  fhe~" 
process  of  oxidation-combining  mih  . 
oxygen— that  causes  y/ood  to  rot  or  bum  and 
metals  to  corrode. 

Control  o.:  corrosion  is  dependent  upon 
inaintaming  a  separation  between  susce^ptible 
alloys  and  the  corrosive  environment,  this 
separation  is  accomplished  in  various  ways.  Auu 
intact  coat  of  paint  provides  corrosion' 
protection.  Sealants  arie  used  at  seams  and  joints 
to  prevent  entry  of  moisture  into  vital  areas, 
preservatives  are  used  on  unpainted  areas  of 
working  parts,  and  shr.ouds,  covers,  caps,  and 
other  protective  material  provide  varying  degrees 
of  protection  from  corrosive  action.  None  of 
these,-  however,  p^rovide  100-percent 
protection— paint  is  subject  to  oxidation  and 
decay  through  weathering:  sealants  may  work 
out  by  vibration  or  else  be  eroded  by  rain  and 
windblast.  Preserva'tiyes  at  best  offer  only 
temporary  protection  v/hen  used  on  operating 
support  equipment,  and  the  protective  coverings 
are  subject  to  improper  installation  and  neglect. 

CAUSES  OF 
CORROSION 

^  "  Control  of  corrosion  properly  bejins  with  an 
understariding^f  the  causes  and  nature  of  this 
phenomenon.  Mi^trosion  is  caused,  by 
electrochemical  or  dttc^t  C;hemical  reaction  of  a 

-Tnetai--^h~other~eteTTOntsr"*ln''the~^ 
chemical  attack,  the  reaction  is  similar  to  that 
which  occurs  when  acid  is  a^)pli^  to  bare  metal. 
Corrosion  in  its  most  famiiiar  fornTls-a^re^tion 
between  metal  and  water  and  is  electrochemlcaT" 
in  nature. ; 

In  the  electrochemical  attack,  metals  of 
different  electrical  potential  are  Involved  and 
they  need  not  be  in  direct  contact.  When  one 
metal  contains  positively  charged  ions  and  the^ 
other  negatively  charged  ions  and  an  electrical 
conductor  is  bridged  between  them,  current  will 
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flow  as  in  the  discharge  of  a  dry  cell  battery.  In 
•  electrochemical  corrosion^  the  conductor  bridge 
"  may  be  any  foreign  material  such  as  water,  dirt, 
^ease,  or  any 'debris  that  is  capable  of  acting  as 
an  electrolyte.  The  presence  of  salt  in  ahy  of  the 
foregoing  media  tends  to  accelerate  the  current 
»   flow  and  hence  speed  the  rate  of  corrosive  attack. 
Once  the  electrolyte  has  completed  the 
circuit,  the  election  flow  is  established  within  . 
the  metal  in  the  direction  of  the  negatively 
charged   area  (cathode),  and  the-  positively 
charged  area  (aiiode)  is  eventually  destroyed.  All 
preventive   measures  -  taken  with  respect  to 
corrosion  control  are  designed  primarily .,tQ  avoid 
the  establishment  of  the  electrical  circuit,,  or 
secondly,  to  remove  it  as  soon  as  pcs^We  ^fi  ^^r-^- 
establishment  before  serious  damage  can  xesui*. 
Figure  14-1  illustrates  the  electron  flow  *n  a 
^  conosion  environment  (electrolyte),  resulting  in 
destruction  of  the  anodic  area.  Note  that  *lie  sur- 
yidiCQ  of  a  metal,  especially  alloys  of  the  metal,  ' 
may  contain  anodic  and  cathodic  a^^^as  due  to 
impurities  or  alloying  constituents  which  have 
different  pcientials  from  the  base  metal. 


Electrochemical  attack  is  evidenced  in 
several  forms,^  depending  upon  the  metal 
involved,  its  size  and  shape,  its  specific  function, 
atmospheric  condition?,  and  the  •  type  of 
corrosion-producing  agent  (electrolyte)  pri'sent. 
There  are'^  many  forms-of  metals  deterioration 
resulting  frdtn  electrochemical  .attack  about 

^hich  a  great  deal  is  known.  But  despift 
.  extensive  research  and  experimentation,  there  is 

"stilf  much .  to  be  learned  about  other  more 
complex  and  subtle  forms.  Descriptions  are 
provided  later  in  tliis  chapter  for  the  more 
common  forms  of  corrosion.  .  ^ 

Since  there  are  -so.  many  factors  which 
contribute  to  the  process  of 'corrosion,  selection 
of  materials  by  the  nianufacturer  must  be  jnade 
with ,  weight  versus  strength  as  a  primary 
consideration  and  corrosion  .properties  as  a 
secondary  consideration.  However,  close 
attention  during  design  and  productiqn  is  ^ven 

'to  heat-treating  and  annealing  procedures, 
^otective  coatings,  choice  and  application  of 
moisture  barrier  materials,  dissimilai  metals 
contact,  and  access  doors ^  and  plates.  Every 
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Figure  14-1.— Simplif  ied  corrosion  cell. 
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logical  precaution  is  taken  by  the  manufacturers 
to  inhibit  the  onset  and  spread  of  corrosive 
attack. 

There  are  many  factors  that  affect  tW  type, 
speed,  cause,  and  the  seriousness  of  metal  corro- 
sion. Some  of  these  corrosion  factors  m  be  con- 
trolled; others  Cannot.  Preventive  ma'ntenance 
factors  such  as  inspectioUj  cleaning,  and  painting 
and  preservation  are  within  the  control  of  ^main- 
tenance personnel.  Preventive  maintenance  offers 
the    O.St  positive  means  of  corrosion  deterri^nce. 

The  electrochemical  reaction  which  causes 
metal  to-corrode  is  a  much  more  serious  factor 
under  wet,  humid  conditions.  The  salt  in^  sea 
water  and  in  the  air  is  the  greatest  single  cause  of 
corrosion^  Hot  climates  speed  the  corrosion 
process  because  the  electrochemical  reaciion 
develops  fastest  in  a  warm  solution,  and  w^rm 
moisture  in  the  air  is  usually  sufficient  to  start 
corrosion  if  the  metals  are  uncoated.  As  would 
be  expected,  hot  dry  climates  usually  provide 
relief  from  constant  corrosion  problems. 
Extremely  colt  Climates  produce  corrosion 
problems  if  a  salt  atmosphere  is  present.  Melting 
snow  or  ice  provides  the  necessary  water  to 
begin  the  electrochemical  reaction, 

.  Another  corrosion  factor  is  in  the 
relationship  between  dissimilar  ^mptals.  When 
two  dissimilar  nSetals  are  used  wftcre  possible 
contact  may  develop  (if  the  more  actwe  metal  is 
smaH,  compared  to  the  less  active  one),  corrosive 
attack  will  be  severe  and  extensive  if  the 
lAsuIation  should  fail.  If  the  area  of  the  less 
.  al:tivV\metal  is  small  compared  to  the  other, 
ahodib  attack  is  relatively  slight.  Figure  14-2 
illustrates  this  factor. 

^RROSION  TYPES 
RECOGNITION 

)ne  of  the  problems  involved  in  corrosion 
contVol  is  recognizing  corrosion  products  when 
they  \  occur.  The  following  paragraphs  include 
brief  Wscriptions  of  typical  corrosion  product 
characteristics  of  the  most  common  metals. 


Iron  and  Steel 

Possibly  the  best  known  •  and  easiest 
recognized  of  all  forms  of  metal  corrosion  is  the 
familiar  itddish  colored  iron  rust.  When  iron  and 
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Figure  14-2.— Effects  of  area  relationships  ih\dissimilar 
metal  contacts. 


its  alloys  corrode,  ^dark  iron  oxide  boatings 
usually  form- first.  These  coatings,  suchW  heat 
scale  on  steel  shfeet  stock,  may  protect  iron 
surfaces  rather  efficiently.  However,  if  sufficient 
oxygen  and  moisture  are  present,  the  iron/oxide 
is  soon  converted  to  hydrated  ferric  /oxide, 
which  is  the  cohvehtipnM  red  rust. 

Aluminum  / 

AluminUm  and  its  alloys  exhibit  a  wide 
range  of  (>orrosive  attack,  varying  from  general 
etching  of  aluminum  surfaces  to  penetrating 
attacks  along  the  internal  grain  boundaries  of 
the  metal.  The  corrosion  products  of  aluminum 
are  seen  as  white  to  gray  powdery  deposits. 


416 


Milgneedum  and  Its 
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■  ]|^agi\esiuin  corrosion  products  are  white  and 
quit$  large  Compared  to  the  size  of  the  base 
metal  being  corroded.  The  deposits  have  a 
tena^ncy  to  raise  slightly,  arid  the  corrosion 
spreads  rapidly.  When  white  puffy  areas  are 
discovered  on  magnesium,  it  ^requires  prompt 
atteimon  as  the  corrosion  may  penetrate 
entire^ly  through  the  structure  in  a  very,  short 
time. 

Coppe!|r^and  Copper 
ABoysu,  V 

\,        \\  ^       r         "     ■    ■        '  ^ 

Copp'er  and  its  alloys  are  generally 
corrosion-jresistant,  although  the  products  of 
cprrosivfc  "attack  on  copper  are  commonly 
khown.  VSometimes  copper  and  copper  alloy 
surfaces  will  tarnish  to  a.  dull  gray-green  color^, 
and  the  slirface  may  still  be  relativr?ly  smooth. 
This  discoloration  is  the  result  of  the  Tormaftion 
of  a  finewained,  airtight,  copper  oxide  crust, 
called  a  pktina.  This.patina  in  itself  offers  good 
protectionifor  the  underlying  metal  in  ordin^ 
situations. ^However,  exposure  of  copper  and 
copper  alloys  to  moisture  or  salt  spray  will  cause 
the  formation  of  blue  or  green  salts  indicating 
active  corro^on.  These  salts  will  form  over  the 
patina  since  ^his  crust  is  not  impervious  to  water 
(not  moistureprooQ.  Copper  alloys  generally 
have  a  cadmiiiin-plated  finish  to  prevent  surface 
staining  and  de^ferioratiort. 

Cadnfium  andlZinc 

Cadmium,  particularly,  is  used  as  a  coating 
to  proteci  the  part  to  which  it  is  applied  and  to 
provide  a  compatible  surface  when  the  part  is  in 
contact  with  other  materials.  The  cadmium  plate 
supplies  sacrificial  protection  to  the  underlying 
metal  because  of  its  greater  activity;  that  is, 
during  the  time  it  is  protecting  the  base  metal, 
the  cadmium  is  intentionally  being  consumed. 
The  cadmium  becomes  anodic  and  is  attacked 
first,  leaving  the  base  metal  free  of  corrosion. 
Zinc  coatings  are  lised  for  the  same  purpose,  but 
to  a  lesser  extent.  Attack  is  evident  by  white  to 
brown  to  black  mottling  of  the  cadmium 
surfaces.  These  phenomena  DO  NOT  indicate 


deterioration  of  the  base  metal.  Until  the 
characteristic  colors  peculiar  to  corrosion  of  the 
base  metal  ap{>ear,  the  cadmium  is  still 
performing  its  protective  function.  Wire 
brushing  or  removal  of  the  mottled  areas  of 
cadmium  merely  ^reduces  the  amount  of 
cadmium  remaining  to  protect  the  underlying 
structure. 

Nickel  and  Chromium  \ 
Alloys 

,  \  ■ 

These,  ipetals  are  .  als^>  used  as  protective 
agents,  both  in  the  form  of  electroplated 
coatings  and  as  alloying  constituents  with  iron 
in  stainless  steels.  Nickel  and  chromium  plate 
protect  by  forming!  an  actual  physical 
noncorrosive  barrier  over  the  steel.  Electroplated 
coatings,  particularly  chromium  on  steel,  are 
somewhat.,  porous,  and  ^corrosion  eventually 
starts  at  these  pores  or  pinholes  unless  a 
supplementary  coating  is  applied  and 
maintained.  \ 


CORROSION  PREVENTIOP 

Among  the  many  methods  of  corrosion 
prevention,  cleaning  and  luorication  are  two 
very  important  measures  to  \consider  in  the 
prevention  of  corrosion  in '  ground  support 
equipment.  Methods  of  cleaning^ aijid  lubrication 
of  specific  equipment  are  included  in  the 
chapters  discussing  the  particul^ equipments. 
This  section  discusses  the  various'^  Naval  Air 
Systems  Command  authorized  ^cleaning  and 
lubricating  materials  available  to  t|ie  ASM. 

Oeaning  and  | 
Depreservation 

Cleaning  is  one  of  the  most  iiLportant  steps 
in  the  preparation  of  qnpainted  surfaces  for 
stowage  or  for  the  application  6f  protective 
coatings.  Cleaning  is  also  imj;>o^ant  in, 
reconditioning  contaminated  and  deteriorated 
surfaces  prior  to  lubrication.  If  contaminants/ 
remain  on  the  surfaces  of  equipment  >  the  best 
lubricants  or  preservatives  and  the  best  methods 
of  protection  and  preservation  for  standby 
stowage  may  be  rendered  ineffective.  Corrosion 
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aAd  contamination  may  cause  faulty  operation 
of'  the  equipment  or  deterioration  beyond 
reclamation:  . 

\  The  removal  of  preservative  coatings  is 
sometimes  necessary  before  items  in  storage  can 
be  used.  Therefore,  an  additior\al  task  in  which 
cle\anirig  methods  are  important  is 
depfeservation.  *• 

Qnly  t:leaning  materials  which  meet  Naval 
Air  Systems  Command  specifications  may  be 
used\  on  ground  support  equipment. 
Navy-approved  cleaning  materials  are 
compounded  to  accomplish  definite  results  and 
are  mkde  available  only  after  ,  complete  testing 
and  actual  field  acceptance.  All  cleaning 
materials'  are  inspected  and  tested  before 
acceptance  and  delivery  to  the  supply  activities. 
Cleaning  agents  commonly  used  for  maintenance 
cleaning  are  included  in  the  following  categories. 

SOLVENTS.-Solvents  are  liquids  which 
dissolve  other  substances.  There  are  a  great 
number  of  different  solvents;  h\  i  ^nr  cleaning 
purposes,  organic  solvents  are  n>osi  often  used. 
Some  solvents  are  chlorinated.  When  solvents 
contain  more  than  24  percent  by  volume  of 
chlorinated  materials,  they  must  be  kept  in 
specialt*^  iriarked  containers.  Care  must  be  taken 
to  ensure  that  solvents  do  not  escape  into  the 
workspaces. 

All  personnel  working  M?ith  or  near 
chlorinated  solvents  should  be  particulariy 
careful  to  avoid  breathing  the  vapors.  While  the 
vapors  from  some  solvents  are  more  toxic  than 
others,  prolonged"  bi-eathing  of  the  fumes  can  be^ 
injurious  to  health.  ^ 

In  addition  to  the  breathing  hazard 
associated  with  solvents,  they  also  present 
varying  degrees  of  fire  and  explosion  hazards. 
Solvent  cleaners  having  a  fiashpoint  greater  than 
105"^  are  relatively  safe.  Solvents  having 
flashpoints  below  105°  F  require  explosion 
proofing  of  equipment  and  other  special 
precautions.  (The  flashpoint  is  the  temperature 
at  which  the  first  flash  from  the  material  is  seen, 
as  an  open  flanie  is  passed  back  and  forth  over  a 
sample  of  flammable  liquid  being  heated  in  a 
cup.) 

•  Another  hazard  associated  with  solvents,  and 
to  a  certain  extent  with  all  cleaning  materials,  is 
the  effect  on  the  surface  or  material  being 
cleaned.  Some  solvents  will  deteriorate  rubber. 


synthetic  rubber,  asphaltic  coverings,  etc.  This  is 
such  an  important  consideration  that  it  must 
always  be  taken  into  accpunt  when  cleaning 
materials  are  selected.  It  may  do  a  good  job  in 
removing  dirt,  grease,  oil,  exhaust  gas  deposits, 
etc.,  but  may  also  damage  the  object  being 
cleaned  or  soften  and  ruin  otherwise  good  paint 
coatings. 

Several  solvents  in  common  use  are  included 
in  the  following  list: 

1.  Stoddard  Solvent.  Stoddard  Solvent  is  a 
petroleum  distillate  commonly  used  as  a 
dry-cleaning  fluid.  It  is  furnished  in  two  types— I 
and  II.  Type  II  has  the  higher  (safer)  flashpoint 
and  is  intended  for  shipboard  use.  Stoddard 
Solvent  is  used  as  a  general  all-purpose  cleaner 
for  metals',  painted  surfaces,  and  fabrics.  It  may 
be  applied  by  spraying,  brushing,  dipping,  and 
wiping.  It  is  also  used  as  a  depreservative. 

2.  Mineral  spirits.  This,  is  another  liquid 
petroleum  distillate  which  is  jjsed  ^as  an 
all-pnrpose  ^cleaner  for  metal  and  painted 
surfaces,  but  is  not  recommended  for  fabrics. 
Like  Stoddard  Solvent,  it  may  be  appiied  by 
spraying,  brushing,  dipping,  and  wiping. 

3.  Aliphatic  naphtha.  This  is  an  aliphatic 
hydrocarbon  product  used  as  an  alternate 
compound  for  cleaning  acrylics  and  for  general 

.  purposes  that  require  fast  evaporation  and  no 
remaining  film  residue.  It  may  be  applied  by 
dipping  and  wiping.  Saturated  surfaces  must  not 
be  rubbed  vigorously  du(\  to  the  highly 
flammable  nature  of  the  naphtha. 

4.  Acromatic  naphtha.  Thisjs  a  petroleum 
aromatic  distillate  used  as  a  bare^jnetal  cleaner 
and  for  cleaning  primer  coats  befbfe  applying 
lacquer.  It  will  remove  oil,  grease,  andMight  soils. 

5.  Safety  Solvent.  Methyl  chloroform  is 
intended  for  use  where  a  high  flashpoint  and  the 
least  toxic  solvent  is  required.  It  is  used  for 
general  cleaning  and  grease  removal  of  assembled 
and  disassembled  components  in  addition  to 
spot  cleaning,  but  should  not  be  used  on  painted 
surfaces.  It  may  also  be  applied  by  wiping, 
scrubbing,  or  booth  spraying.  The  term  Safety 
Solvent  is  derived  from  the  hi^  flashpoint  of  the 
solvent  and  is  easier  to  say  and  remember  than 
methyl  chloroform. 

6.  Corrosion  preventive,  fingerprint 
remover,   MIL-C-1 5074B.  This  compound  is 
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intended  for  use  in  removal  of  fresh  fingerprint^ 
and  perspiration  deposits.  It  is  designed  tc^ 
supprjess  corrosion  that  has  developed  as  a  result 
of  fingerprint  residue,  and  prpyides  an  easily! 
removable  tem  porary  corrosion-preventive? 
material.  \^  | 

7.  Thinner,  cellulose  nitrate  dope  and 
laquer.  In  addition  to  its  intended 
purpose  of  thinning  dope. and  la^^querXtHis 
material  is  used  for  the  spot  removal  oK^cquer 
and  primer  deposits  remaining  after  ^paint 
stripping,  operations,  especially  along  seams  and 
edges,  which  will  interfere  with  refinish  pain^> 
operations.  Also,  it  may  be  used  for  removal  o 
oil,  grease, 'and  light  soils  from  bare  metal.  This 
solvent  is  applied  with  wiping  rags  or  soft  bristle 
brushes  over  small  areas  at  a  time. 

8.  Methyl  ethyl  ketone  (MEK).  This 
material  iis  used  as  a  cleaner  for  bare-metal 
surfaces.  It  does  not  mix  to  any  great  extent 
with  water  but  is  a  thinner  for  lacquers.  It  is 
applied  with  wiping  cloths  or  soft  bristle  brushes 
over  small  areas  at  a  time. 


EMULSION  CLEANERS. -Emulsion 
cleaners  differ  from- solvent  cleaners  in  their 
action  on*  contaminants  to  be  removed.  .With 
solvents,  the  contaminants  go  into  solution  with 
the  cleaning  material.  Emulsion  cleaners  tend  to 
disperse  contaminants  except  sand,  etc.,  into 
tiny  droplets  which  are  held  in  suspension  in  the 
cleaner. 

Emulsion  cleaners  must  be  used  with 
precaution  since  some  are  flammable  and  toxic 
and,  like  some  solvents,  may  damage  paint  or 
other  finishes. 

The  following  list  includes  several  cleaners  in 
common  iise : 

1 .  Qeaning  compound,  solvent,  grease 
emulsifying,  type  1.  This  is  a  liquid  emulsifying 
'agent  containing  soap  and  solvent.  It  is 
nonphenolic.  (See  type  II  which  follows.)  This 
compound  is  used  for  exterior  cleaning,  all 
painted  surfaces  (metal  and  wood),  and  bare 
metal.  It  is  a  heavy-duty  cleaner  for  removal  of 
oil,  grease,  atmospheric  films,  industrial  films, 
mud,  sand,  and  soils,  of  all  types.  It  is  also  used 
for  *  removal  of  paralkctones  and  similar 
corrosion-preventive  compounds  (preservatives). 


Both  types  (I  and  II).of  this  compound  must 
be  mixed  with  Stoddard  Solvent  or  mineral 
spirits  prior  to  use.  A  ratio  of  1  part  compound 
to  3  to  9  parts  of  solvent  is  recommended. 
Heavy  soils  require  the  heavier  concentration. 
The  heavy  concentrations  clean  best,  when  the 
ambient  temperature  is  high. 

For  best  results  this  compound  should  be 
sprayed  on  the  dry  surface  then  brushed 
thoroughly.  Moist.,  or  water-wetted  surfaces 
reduce  the  emulsion  action.  It  can  be  used  for 
.  hand  wipedown  or  hand  scrubbing  on  small 
areas.  Regardless  of  the  method  of  application, 
the  emulsion  compound  and  loosened  soil 
^ould  be  thoroughly  flushed,  away  with 
high-pressure  water. 

2.  Cleaning  compound,  solvent,  grease 
emulsifying^,  type  II.  T^s  is  a  liquid  emulsifying 
compound  containjng,  phenolic  materials. 
(Phenolic  materials^^are  obtained;  from  the 
^distillation  of  many  organic  substances  such- as 

pod,  coal,  etc.,  and  from  coal  tar.  The  popular 
name  for  the  phenols  is  carbolic  acid.)  Due  to 
tl^e  acid  content  and  type  of  cleaning  for  which 
designed,  its  use  is  very  limited.  Type  II  cleaning 
compound  is  designed  for  the  heaviest,  toughest 
.  cleaning  jobs,  but  its  acidity  renders  it  harmful 
to  many  materials.  . 

3.  Cleaning  compound,  water  emulsion. 
Tliis  is  a  liquid  emulsifying  agent  containing 
soap  and  water  ^nd  is  used  in  solution  with  four 
parts  water  for  the  heavy-duty  removal  of  oil, 
epoxy,  grease,  industrial  films;^  mud,  sand,  and 
soils  of  all  types.  This  material  is  applied  with  a 
brush  or  spft  cloth.  Allov/  it  to  remain  on  the 
surface,  then  scrub  with  a  soft  brush.  Rinse  the 
surface  thoroughly  with  fresh  water,  and  dry. 
Repeat  for  areas  with  heavy  concentrations  by 
using  a  scouring'pad. 

SOAPS     AND  DETERGENT 
CLEANERS.— There  is  a  variety  of  materials 
.  available  in  this  category  tor  mild  cleaning  use. 
In  this  section,  only  spme  of  the  more  common 
materials  are  discusstd.x 

1.  Cleaning  compound,  type  1  (powder) 
and  type  II  (liquid).  These  soaps  are  used  in 
general  cleaning  of  painted  and  unpainted 
surfaces  for  the  removal  of  light-to-medium 
soils,  operational  films,  oils,  and  grease.  Tliey 
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are  safe  to  use  on  all  surfaces,  including  fabrics, 
leather,  and  transparent  plastics.  They  also  can 
be  used  to  remove  light  preservation  materials. 

2.  Qeaning  compound,  waterless.  This 
cleaning  compound^  is  intended  '  for  use  on  - 
painted  arid  unpainted  surfaces  in  heavy-duty 
, cleaning  operations  under  conditions  where 
water  (ov  rinsing  is  not  readily  availafble  or  where 
freezing  temperatures  do  not  permit  the  use  of 
water.  It  is  a  relatively  nontoxic,  noncoirosive, 
stable,  nonflowing  gel;  and  its  detergent 
properties  enable  it  to  serve  as  an  agent  for  the 
lemoval  of  grease,  tar,  wax,  carbon  deposits,  and 
exhaust  stains.  This  cleaner  is  applied  with  a 
dampened  cloth  or  sponge  except  in  freezing 
weather  when  a  dry  applicator  should  be  used.' 

MECHANICAL  CLEANING 
MATERIALS.— Mechanical  cleaning  materials 
such  as,  abrasive  papers,  polishing  compounds, 
polishing  cloths,,  wools,  wadding,  etc.,  are 
available  in  the  supply  system  for  use  as  needed. 
However,  their  use  must  be  in  accordance  with 
directions  supplied  with  the  material  if  damagt- 
to  finishes  and  surfaces  is  to  be  avoided.  ^ 

1.  Aluminum  oxiJe  paper.  Aluminum 
oxide  paper  (300  grit  or  fiher)  is  available  in 
several  forms  and  is  safe  to  use  on  most  surfaces 
since  it  does  not  contain  sharp  or  needlelike 
abrasives  which  can  embed  themselves  in  the 
base  metal  being  cleaned  or  in  the  protective 
coating  being  maintained.  The  use  of 
carborundum  (silicon  carbine)  papers  as  a 
substitute  for  aluminum  oxide  paper  should  be 
avoided.  The  grain  structure  of  carborundum  is 
sharp,  and  the  material  is  so  hard  that  individual 
grains  can  penetrate  and  bury  themselves  even  in 
steel  surfaces. 

2.  .Powdered  pumice.  This  material  is 
similar  to  Bon  Ami  which  may  also  be  used.  The 
pumice  is  used  as  a  slurry  with  water  and  is 
applied  to  the  surface  with  clean  rags  and  bristle, 
brushes. 

3.  Impregnated  cotton  wadding.  Cotton 
which  has  been  impregnated  with  a  cleaning 
material  is  used  for  removal  of  exhaust  gas 
stains  and  for  polishing  corroded  aluminum 
surfaces.  It  is  also  used  on  other  metal  surfaces 
to  produce  a  high  reflectance. 


'4.  Aluminum  metal  polish.  Aluminum 
metal  polish  is  used  to  produce  a  high-luster, 
long-lasting  polish  on  unpainted  aluminum-clad 
surfaces.  It  is  not  used  on  anodized  surfaces,  as 
it  will  remove  the  oxide  coat. 

5.  Aluminum  wooL  T^lree  grades  of 
aluminum  wool--ccarse,  medium,  and  fine— are 
stocked  for  general  abrasive  cleaning  of 
alurninum  surfaces. 

6.  Lacquer  rubbing  compound,  type  IIL 
For'  the  removal  of  ^engine  exhaust  and  minor 
oxidation,  lacquer  rubbing  compound,  type  IH, 
may  be  used/ Heavy  rubbing  over  rivet  heads  or 
edges  where  protective  coatings  may  be  thin 
should  be  avoided  as  the  coverings  ''may  be 
damaged' most  easily  at  these  points. 

CHEMICAL  GLEANERS. -Ghemical 
cleaners  must  be  used-  with  great  care  in 
cleaning.  The  danger  of  entrapping  'corrosive 
materials- in  between  layers  of  metal  and  at 
seams  counteracts  any  advantages  in  their  speed 
and  effectiveness.  All  materials  used  must  be 
relatively  neutral  and  easy  to  remove.  It  is 
important  that  all  residues  from  this  type  of 
cleaning  be  removed.  Soluble  salts  from 
chemical  surface  treatments  such  as  chromate 
acid  or.  dichromate  treatment  will  liquef>  md 
promote  blistering  in  the  paint  coatings. 

-  1.  Phosphoric-citric  acid  mixture.  This^^ 
chemical  surface  cleaner  is  available  in  types  I 
and  II.  Type  I  is  a  ready-to-use  prepackaged 
mixture.  Type  II  is  a  concentrate  \yhich  must  be 
diluted  with  mineral  spirits  or  water  as  required. 
The  mixture,  is  applied  to  the  surface  to  be 
cleaned  with  a  soft  brush,  rag,  or  sponge,  using  a 
circular  brushing  motion  in  order  to  loosen  the 
surface  film.  After  a  15-minute  dwell  time,  this 
acid  mixture  should  be  thoroughly  flushed  from 
the  cleaned  surface  with  a  stream  of  water. 

2.  Bicarbonate  of  soda.  This  material, 
commonly  known  as  baking  soda,  should  always 
-  be  available^  to  neutralize  acid  deposits  ^  well  as 
to  treat  acid  bums  from  chemical  cleaners  and 
inhibitors.  All  battery  holders,  battery 
compartments  of  automotive  vehicles,  and 
electric  powerplants  are  generally  cleaned  with 
this  agent.  It  can  also  be  used  to  clean  tarnished 
silver  contacts  by  placing  the  silver-coated  part 
in    contact    with    magnesium    metal  and 
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submerging  the  two  in  a  water  solution  of 
baking  soda  and  salt.  ^ 
J  '  3.  Ammonium  hydroxide.  In  addition  to  ^ 
/baking  soda,  ammonium  hydroxide  also  may  be 
used  as  a  neutralizing  agent  for  acid  in  battery 
compartments  and  •  elsewhere.  Treated  areas 
should  be  fiiised  thoroughly  with  water  after 
use.  ^  . 

CLEANING  EQUIPMENT. -Cleaning  not 
only  requires  the  use  of  correct  cleaning 
materials,  but  also  the  use  of  proper  equipment 
>to  produce  efficient  and  satisfactory  results.  A 
specific  cleaning  area  should  be  prepax;ed  and 
equipped  for  performing  cleaning  operations. 

The  choice  of  equipment  depends  upon 
several  factors,  such  as  the  amount  of  cleaning; 
that,  is  regularly  perfonned,  the  type  of' 
equipment  that  is  being  cleaned,  the  location  of 
the  activity,  and  the  availability  of  facilities  suchv 
as  air,  sleam,  and  electricity. 

Some  of  the  equipment  available  for 
clcjiiing  are  pressure  tank  sprayers,  high-pressure 
cleaning  machines,  immersion  tanjg;  and 
industrial  vacuum  cleaners.  ^t^^  - 

In  addition  to  the  equipment  memroneij 
above,  other  items  such  as  ho^es,  spray  guns,  ■. 
brushes^  sponges,  and  wiping  cloths  are  required 
for  cleaning.  These  items  are  procured  through 
regular  supply  channels. 

Items  of  personal  protection  such  as  rubber 
,  gloves,  rubber  boots,  goggles,  and  aprons  should 
be  worn  when  necessary  to  protect  the  clothing 
and  eyes  from  fumes  and  splashing  of  caustic 
materials. 

CLEANING  MET  HODS  AND 
PROCEDURES. -The  first  step  in  cleaning  an 
item  of  support  equipment  is  to  select  the 
proper  cleaning  agent  for  the  method  of  cleaning 
to.be  used.  For  some  items  of  equipment,  the 
recommended  type  of  cleaning  agent  for  each 
method  and  instructions  and  precautions  to  be 
observed  in  their  use  may  be  found  in  the 
applicable  instructions  Manual.  If  this 
information  is  not  included  in  the  applicable 
manual,  the  instructions  on^the  container  of  the 
cleaning  agent  must  be  followed.  ^ 

The  next  step  is  the,  preparation  of  the  item 
of  equipment  for  cleaning.  This  step,  of  course, 
will  vary  with  the  type,  size,  and  model  of  ^ 
equipment.  The  equipment  should  be  placed  in  a 
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cool  shady  place  if  possible.  Most  items  of 
equipment  should  be  grounded^  to  the  deck 
during  cleaning.  Qeaning  operations  cause  the 
buildup  of  static  electricity,  which  is  dissipated 
through  the  ground  wire.  After  securing  all  the 
obvious  openings  such  as  access  panels,  further, 
secure  the  equipment^against  entry  of  water  and 
cleaning  compounds.  Jn  addition,  mask  or 
otherwise  cover  ,  all  equipment  or  components 
that  can  be  damaged  by  moisture  or  the  cleaning 
agent  being  used. 

Approved  cleaning  methods  are  listed  as 
follows: 

1:  >yater  wash  cleaning.  The  water  wash 
method  is  recommended  as  the  most  efficient 
and  satisfactory  method  of  Cleaning  most  items 
of  support  equipment  when  they  are  only  lightly 
contaminated    with    dirt-  and    grease.    The  t 
equipment  is  prepared  as  previously  outlined, 
and  all  cleaning  materials  and.  equipment  that 
will  be  required  duiing  the  cleaning  operation 
should  be  on  hand  and  ready  for  use.  Prior  to 
beginning  the  actual  wash,  the  entire  item  of  * 
equipment  should  be  wet  down.  ITie  equipment 
isUhen  washed  using  the  prescribed  cleaning 
solution  and  sponges;  or  soft  cloths.  ' 
■  1    After  each  step  in  the  water  wash  procedure, 
the  cleaning  solution  should  be  rinsed  off  with-^ 
clean  water.  All  cleaning  solution "  Tnust ,  be  ^ 
removed  from  joints,  recesses,  and  other  possible 
places  where  it  can  collect.  Surfaces  are  dried 
with  clean  sponges  or  soft  cloths  if  necessary. 

2.  Emulsion  cleaning.  The  emulsion 
cleaning  method  is  used  to  cle^n  areas 
contaminated  with  oil*,  grease,  or  other  foreign 
matter  which  cannot  be  easily,  removed  by  other 
methods.  The  item  of  equipment  is  prepared  the 
same  as  for  the  water  wash  method.  Mix  the 
emulsion  in  accordance  with  the  Instructions 
Manual  for  the  type  of  equipment  concerned  or 
the  instructions  on  the  emulsion  container.  The 
emulsion  solution  is  applied  to  either  wet  or  dry 
surfaces  depending  upon  the  type  of  emulsion. 
If  it  is  the  type  that  must  be  applied  to  wet 
surfaces,  the  surface  should  first  be  dampened 
With  warm  water.  After  applicatron  of  the 
emulsion  solution,  a  dwell  time  of  5  minutes  is 
usually  sufficient  to  loosen  all  contaminants. 
Rinse  the  area  with  high-pressure  hot  or  cold 
water.  If  any  areas  are  still  not  clean,  repeat  the 
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operation  as  necessary  on  these  areas  only. 
Finally,  the  surface  is  dried  with  a  clean  sponge 
or  cloth;  This  is  important  after  emulsion 
cleaning,  as  air-drying  may  leave  the  paint 
poatings  streaked;  especially  if  the  surfaces  were 

.  not  adequately  rinsed. 

3.  Steam  cleaning.  High-pressure,  live  steam 
and  a  suitable  steam  cleaning  compound  will 

;  remove  the  majority  of  soils  with  a  minimum  of 
manhours  and  time.  With  this  niethdd,  one  of 

.  several  types  of  steam  generating^machines  must 
be  used.  The  types,  operation,  and  maintenance 
of  steam  cleaners  are  covered  in  chapter  10  of 
Aviation  Support  Equipment  Technician  (H), 
NAVEDTRA  10316-A. 

Steam  cleaning  is  a  harsh  cleaning  method 
that  is  very  effective  when  expertly 
accomplished,  but  can  severely  damage 
components  and  painted  surfaces  if  improperly 
done.  Extreme  care  should  be  exercised  when 
steam  or  hot  water  is  used.  The  nozzle  should  be 
held  at  an,  angle  of  45  degrees  to  the  surface 
being  cleaned.  The  distance  the  nozzle  is  held 
from  the  surface  depends  upon  the  finish.  In 
addition,  the  nozzle  should  never  be  held  in  one 
.place  too  long  or  local  overheating  may  result, 
causing  damage  to  the  components  or  surfaces 
of  the  equipment.  It  is  necessary  to  provide 
cover,  protection  for  plastics,  seals,  and  other 
materials  which  can  be  damaged  by  this  cleaning 
method.  Some  manufacturers  do  not 
recommend  the  use  of  steam  on  painted 
surfaces. 

CLEANING  PRECAUTIONS.-Observe  the... 
following  precautions  to  prevent  damage  to 
equipment  which  has  been  or  is  to  be  cleaned:  j.-^ 

1.  When  equipment  with  unpainted  metal  1 
surfaces  has  been  cleaned  and  dried  prior  to^  ■ 
applying  preservatives,  do  not  handle  except  by  . 
mechanical  means  or  by  wearing  clean  canvas  or 
rubber  gloves.  Avoid  touching  cleaned  and^dried 
surfaces  with  bare  hands,  as  perspiration  is 
extremely    corrosive.    If,    under  emergency 

.  conditions,  it  becomes  necessary  to  handle 
equipment  with  bare  hands,  remove  the 
resultant  fingerprints  by  the  method  outlined  in 
the  cleaning  section  of  this  chapter. 

2.  Handle    equipment    coated  with 
preservatives  by  mechanical  means  only.  If  the 


preservative  coating  is  abraded,  restore  the 
affected  area  after  handling.    -  .  - 

3.  Qean  metal  surfaces  tend  to  corrode  in  a 
short  time.  Apply  preservatives  as  soon  as 
possible  after  cleaning.  If  application  of 
preservatives  is  delayed,  coat  the  metal  surfaces 
with  a  preservative  lubricating  oil  until  the 
specified  preservative  can  be  applied. 

A.  Slight  changes  in  the  temperature  and 
humidity  of  the  surrounding  air  may  cause, 
condensation  of  water  on  metal  surfaces.  When 
applying  preservatives  or  lubricants  Jo  metal 
surfaces,  maintain  the  temperature  :  of  the 
surface  above  the  dewpoint  of  the  ambient 
atmosphere,,  to  prevent  "condensation  and 
retention  of  water,  which  causes  corrosion  under 
the  protective  film. 

5.  Remove  water  condensed  on  the 
equipment  or  treat  the  equipment  with  a 
water-displacing  compound  before  application 
of  preservatives.  If  cleaning  is  performed  dut  of 
doors  under  adverse  weather  conditions,  shelter 
the  operation  with  canva^  or  tarpaulins. 

6.  Process  disassemble^  equipment  indoors. 

7.  Avoid  trapping  cleaning  materials  within 
the  equipment.  Take  special  care  to  avoid 
contact  of  cleaning  materials  with  ^optical 
surfaces,  dials,  elec(.:cal  contacts,  and  .painted 
surfaces.  . 

8.  Do  not  use  i.nmersion  cleaning  on  any 
equipment  containing  nonmetallic  materials, 
unless  they  will  not  be  affected  b^sjhe^  cleaners, 
or  are  masked  for  protection. 

9.  Do  not  use  .  VaMne  solutions  such  as 
those  of  soda  ash,  ;.isodium  phosphate,  or 
metasilicate  for,  cleaning  equipment  with 
extremely  close  toleran  es  or  highly  finished 
surface^.  ** 

10.  Id  net  c.!e.'»  the  following  metals  in 
alki'li^.e  soluti^  os,  ir  ss  the  solution  is  specified 
for  such  r,arpy^<^y.  Aiuniinum,  aluminum  alloys 
zinc,  th,  terne,  and  lead. 

11.  Do  not  nse  acid  or  alkaline  solutions  to 
clean  equipment  having  bolted  or  riveted 
assemblies,  when  there  i.s  a  ,  possibility  of 
trapping  cleaning  solution  between  joined 
.members.  The  solutions  or  their  residues  may 
cause  corrosion  and  danlagc  paint  coatings.  Do 
not  allow  organic  materials  to  remain  in  contact 
with  oxidizers.        ■  ' 
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.  12.  Prepare  acid  cleaning  solutions 
accurately,  as  excess,  acid  may  attack  copper, 
brass,  bronze,  steel,  and  other  metals. 

I3c  Do  not  allow  organic  solvents  to  remain 
in  contact  with  rubber,  electrical  in^ulation>  or 
•  organic  coatings. 

Lubrication  Materials 

Lubrication  is  generally  considered  to  be  for 
reduction  of  friction  and  to  aid  in  dissipation  of 
heat;  however,  many  lubricants  are  specifically 
compounded  for  the  puipose  of  corrosion 
prevention. 

The  corrosion-inhibiting  -properties  of  a 
■lubricant  are  almost  equal  in  importance  to  its 
lubricating  properties.  In  some  applications  it 
may  be  necesssry  'to  reduce  lubrication  quality 
to  obtain  better  protection  against  corrosion. 
Many  metal  parts  are  subject  to  corrosion  when 
exposed  to  moist  air.^The  application  of  oil  on 
grease  to  a  metal  surface  tends  to  protect  it  from 
air  and  moisture,  thus  retarding  corrosion.  It  is 
essential  that  a  lubricant  selected  for  this 
'purpose  be  one  that  will  remain  on  the  surfaces 
to  be  protected  under  adverse  conditions  of 
pressure  and  temperature,  and  be  formulated' so 
as  to.  retard  or  prevent  the  formation  of 
corrosive  substances.  Many  of  the  lubricants 
\discussed  in  this  chapter  contain  corrosive 
inhibitors  and  other  additives  to  improve 
sfatjility  and  other  properties. 

^^orrosion,  parti culariy.  that  resulting  from 
contiguous  exposure  to  a  marine  environment,  is 
a  problem  of  major  importance.  Equipment 
which  Is  in  temporary  stowage  or  standby 
conditiort\  ihust  also  be  protected.  In  many 
instances,  \it  is  essential  that  equipment  be 
protected  in^  such  a  way  that  its  i^Jtum  to  active 
service  will  require  only  a  minimuri  ot  chang«, 
such  as  removal  of  prcservativ*;r.  Greases 
containing  corrosion  inhibiton'  arc  often  used  as 
presenaii/es  because  Uuy  possess  lubricating 
qualities  and  needs  noi,  le  removed  from  the 
equipment  when  it  is  reactivated. 

Lubricants'  for  ground  Scip^  w:  equipment 
arc  selected  on  the  basis  of  the  tollowing  desired 
characteristics: 

'^l.  Maximum  reduction  of  friction  between 
the  surfaces  involved.  .  j 


2.  Corrosion-inhibiting  quality.         \  J/ 

3.  Stability  over  a.  wide  range^^  of 
temperatures.        ^     ,  '  \ 

4.  Ability  to  withstand  high  pressures. 

5.  Nonvolatility  at  . operating  temperaturfes. 
6;  High    resistance    to    oxidation  and 

consequent  formation  of  acids,  gums,  sludges, 
and  carbon. 
_  7.  Resistance  to  epiulsification.  . 
8.  Maximum  resistance  to  contamination 
under  -  the  environmental  conditions  of  the 
particular  application.  ; " 

Although  various  lubricants  are  described 
herein  anji  certain  properties  listed,  the 
applica|)le  specification  should  be  Consulted  and 
all  properties  and  characteristics  of  the  material 
reviewed  prior  to  its  selection  for  a  specific 
application;  :  ..  • 

It  is  not  feasible  to  cover  all  the  lubricants 
available  to  the  fleet  in  this  chapter.  However, 
lubricants  that  are  most  commonjy  used  for 
corrosion  prevention  are  discussed. 

OIL,  PRESERVATIVE,  HYDRAULIC 
EQUIPMENT.  4Tliis  oil  is  used  in  the 
preservation  of  Hydraulic  systems  and 
components,  and  is  similar  in  appearance  to,  but 
is  not  interchangeable  with,  operating  hydraulic 
fluid.  Therefore,  before  using  operating 
hydraulic  fluid  (MIL-H-5606C)  or  this 
preservative  oil  (MIL-H-6083)  for  any  purpose, 
the  specification  number  should  be  checked  to 
ascertain  that  the  correct  oil  is  beipg  used.  The 
preservative  oil  .  contains  oxidation  and  rust 
inhibitors,  viscosity  improver,  and  aritiwear 
agents.  Hydraulic  parts  and  components  being 
turned  in  for  screening  and  repair  are  flushed 
and  drip  drained  with-  MIL-H-6083  ofl  prior  to 
being  forwarded.  . 

^  Designed  primarily  for  hydraulic 
components,  this  oil  may  be  vised  on  any  bare 
critical  surface  Jfhat  needs  protection.  Operating 
hydraulib.  tluid  will  protect  ^a  steel  panel 
immersed  in  water  for  only  about  48  hcUjirs.  The 
same  petal  panel  coated  with  MIL-H-6p83 
inhibited  hydraulic  oil  will  diow  100  percent 
protection  for  a  period  of  30  days  or  more. 

LUBRICATING  OIL,  GENERAL 
PURPOSE,  PRESERVATIVE  W-L-800.~There 
are  several  different  .types  of  lubricating  oil. 
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some  of  which  contain  preservatives.  In  order  to 
be  absolutely  sure  that  the  proper  oil  is  used  in  a 
given  situation,  each  must  be  identified  with  its 
specification  number.  The  specification  number 
for  thQ  oil  discussed  in  this  section  is  VY-L-800. 

VV-L-800  oiil  was  compounded  for 
lubrication  and  protection  of  systems  whenever 
a  water-displacing,  low-temperatiire,  lubricating 
oil  is  required.  Many  manufacturers  recommend 
this  oil  for  use4n  external  piano-type:  ™g|25S,  as . 
it  will  force, out  and  take  !the  place .^f/arwrwater 
entrapped  between  the  hinge  .pin  a^'d  thtfi'angs. 

LUBRICATING  OIL,  GENERAL 
PURPOSE,  LOW  TEMPERATURfij-This 
general  purpose  oii.  (specification  number 
MIL-L-787d)  is  interchartgeable  with  VV-L-800 
oil  ^md  is  recommended  over  W-L-800.  It  is 
suitable  for  use  anywhere  that  a  general  purpose 
lubricating  '  oil  with  low-temperature, 
low-viscosity ,  and  corrosion-preventive* 
properties  is  requiied. 

Application  may  be  by  brush,  spray,  dip,  or 
general  squirt  can.  It  ils  not  necessary  to  remove 
before  reoiling  or  for  inspection. 


LUBRICATING    OIL,  PRESERVATIVE, 
MEDIUM,  MIL-L-3150.-This  is  a  mineral  base, 
medium  grade  lubricating  oil  with  inhibitors  f6r  .  ^ 
the   protection   of  ferrous   and  non-ferrous'  / 
metals. 

MIL-L-3150  is  intended  for  use  in  preserving 
some  equipments  for  periods  of  30  days  or 
more.  Equipments  preserved  with  this  material 
must  be  cleaned  and  relubricated  before  use. 
The  lubricant  can  be  readily  removed  .with 
Stoddard  Solvent  P-S-66 1 . 

It  may  be  applied  by  the  brush,  dip,  or  spray 
method  in  temperatures  above  20°  F. 


Lubrication  Instruptions 

For  proper  lubrication  of  the  various 
components  of  ground  support  equipment,  such 
as  bearings^  sliding  parts,  linkages,  and  gearing, 
follow  the  lubrication  charts  and  instructions 
furnished  for  the  particular  Equipment  or  for  the 
general  type  of  equipment.  The  charts  and 
instructions  are  revised  frequently,  and  it  is 
important  that  the  latest  revision  be  used,  as  the 


applicable  manuals  accompanying  the 
equipment  do  not  necessarily  agree  mth  the 
current  lubrication  instructions  and  charts. 

LUBRICANT  CONTAMINATION. ~ 
Prevention  of  either  accidental  or  deliberate 
contamination  of  lubricants  and  fluids  used  in 
ground  support  equipmenf  is  of  great 
importance.  Foreign  materials  such  as  dirt,  metal 
particles,  and  water  may  render  equipment^ 
inoperable  or  cause  severe  wear  or  damage.  Even* 
minute  foreign  particles j::an  affect  adjustment  or 
cause  faulty  operation  of  delicate  instruihents. 
The  following  precautions  should  be  strictly 
observed:  ^ 

1.  All  surfaces,  fittings,  oil  and  grease  cups, 
and  applicators,  such  as  grease  guns,  oil  cans,' 
pressure  lubricators,  spray  guns,  spatulas,- and 
brushes  should  be  thordughly  cleaned  before 
using.  ^  ...  -r-^- 

2.  Containers  of  lubricants  and  fluids 
should  be  kept  tightly  diosed  when  not  in  use 
and  should /be  carefully  protected  against 
entrance  of  foreign  materials  when  opened* 

3.  Ma|brial  which  is  suspected  of  being 
(5bntaminated,  because  of  its  unusual 
appearance,  should  not  be  used  unless  close 
e>c^mina<ion  reveals  that  it  is  free  of  solid 
particles,  jr  tests  show  it  to  be  in  conformance 
with  the  requirements  of  the  applicable 
specification. 

4i:  Workshop  or  shipboard  locations  where 
lubrication  or  preservation  is  earned  on  should 
be  kept  clean  and  orderly. ' 

CORROSION  REMOVAL 

Corrosion  rpmoval  operations  and  methods 
vary  considerably,  and  are  dependent  mainly 
upon  the  type  of  material  of  which  ihe 
equipment  is  constructed.  Approved  method!;  of 
corrosion  removal  for  several  types  of  metui  are 
.  described  briefly  in  the  follo'Aing  paragraphs. 

Corrosion  Removal 
froih  Aluminum ' 

There  are  three  types  of  aluminum  surfaces 
insofar  as  corrosion  removal  is  concerned.  They 
are  clad,  anodized,  and  exfoliated. 
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Clad  aluminum  SURFACES.-Pure 
aluminum  has  considerable  corrosion  resistance 

•compared  to  aluminum  alloys,  but  has  little  .or 
no  structural  strength.  It  has  been  learned  that 
an  extremely  thin  sheet  of  pure  aluminum 
laminated  onto  ^ach  side  of  an  aluminum  alloy 
sheet  improves'  the  corrosion  resistance  with 
little  impairment  of  strength.  The  trade  name  of 

^this  aluminum  laminate,  as  originated  by  the 
Aluminum  Company  of  Ameriqa,  is  "Alclad". 
From  this  trade  name  has  derived  the  adjective 
"clad'*  and  the  verb  "cladding".  Not  all  sheet 
aluminum  is  dad,  especially  those  alloy  sheets 
from  which  small  brackets,  gussets,  fittings,  etc., 
are  made.  Pure  aluminum  is  very  soft;  and  the 
febrication  processes  would  severely  damage  or 
destroy  the  clad  surfaces. 

,  To  remove  corrosion  from  clad  surfaces  the 
corroded  areas  should  be  hand  polished  with 
household  abrasives  such  as  Bon  Ami  or  Ajax,  or 
with  a  specified  metal  polish,  MIL-P-6888.  The 
specified  polish  effectively .  removes  stains  and 
produces  a  high-gloss,  laisting  polish*  on 
unpainted  clad  surfaces.  If  a  surface  is 
particularly  difficult  to  clean.  Compound, 
Qeaner  and  Brightener,  Aircraft  Surfaces,  type 
II  (specification  MIL-C-5410),  may  be  used. 
Mixed  50-50  percent  with  solvent  or  mineral 
spirits,  this  compound  used  before  polishing  will 
shorten  the  time  and  lessen  the  effort  necessary 
to  get  a  clean  surface.  During  both  the  foregoing 
polishing  and  brightening  operations,  care  must 
be  taken  to  avoid  unnecessary  mechanical 
removal  of  the  protective  clad  layer  and  the 
exposure  of  more  susceptible,  but  stronger, 

'  aluminum  alloy  base. 

If  there  is  any  superficial  corrosion  present, 
it  should  be  treated  by  wiping  down  with  an 
inhibitive  material  such  as  the  Chemical  Surface 
Films  for  Aluminum  Alloys,  available .  under 
specification  MIL-C-5541.  Allow  the  solution  to 
remain  on  the  corroded  area  for  5  to  20 
minutes^  and  then  remove  the  exces?  by  wiping 
the  surface  dry  with  clean  cloths.  If  the  Alclad 
material  .  is  to  be  used  in  the  unpainted 
condition,  it  may  now  be  overcoated  with  an 
approved  wax  which  is  of  the  waterproof, 
solvent  type.  If  the  treated  Alclad  surface  is  to 
be  painted,  no  wax  is  used,  and  the  paint 
pretreatment  is  applied  instead.' 
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A  N  O  D  '  I  Z  E  D  A  L  U  M  I  N  U  Til 
SURFACES.-Anodizing  is  the  most  common 
surface  treatment  of^  nonclad  aluiriinum  alloy 
surfaces.  The  aluminum  alloy  sheet  or  casting  is  \ 
the  positive  pole  in  an  electrolytic  bath  in  which 
chromid*  acid  or  other  oxidizing  agent  produces 
an  aluminum  oxide  film  on  the  metal  surface. 
Aluminum  oxide  is  naturally  protective,  and 
anodizing  merely  increases  ,  the  thickness  and 
.density  of  the  natural  oxide  film.  When  this 
coating  is  damaged  in  service,  it'  can  be  only 
partially  restored  by^  chemical  surface 
treatments*.  Therefore,'  any  < processing  of 
anodized  surfaces,  including  corrosion  removal, 
should  avoid  unnecessary  destruction  of  the 
oxide  film. 

Aluminum  wool,  aluminum  wire  brushes," or 
fiber  bristle  brushes  are  the  approved  tools  for 
cleanmg  ^an^jlized  surfaces.  The  use  of  steel 
wool,  steei-  Wire  . brushes,  or  harsh  .abrasive 
materials  on  any  aluminum'  surfaces  is 
prohibited.  Producing  a  buffed  or  wire  brush 
finish  by  any  means  is  also  prohibited. 
Otherwise,  anodized  surfaces  are  treated  in 
much  the  same  manner  as  other  aluminum 
finishes. 

•  EXFOLIATED  SURFACES.-Exfoliation  is 
a  separation  along  the  grain  boundaries  of  metal 
and  is  caused  by  intergranular  corrosion.  More 
severe  procedures  must  be  observed  when 
intergranular,  corrosion  is  present^  The 
mechanical  removal  of  all  corrosion  products 
and  visible  delaminated  metal  layers'^  must  be 
accomplished  in  order  to  determine  the  extent 
of  destruction  and  to  evaluate  the  remaining 
structural  strength  of  the  component.  Meta] 
scrapers,  rotary  files,  and  other  necessary  tools 
are  used  to  assure  that  all  corrosion^products  are 
removed  and  that  only  structurally,  sound 
aluminum  remains.  Inspection  with  a  5-  to 
10-power  magnifying  glass,  or  the  use  of  dye 
penetrant,  will  aid  in  determining  if  all  unsound 
metal  and  corrosioni  products  have  been 
removed.  When  complete  removal  has  been 
attained,  any  rough  edges  should  be  blended  or 
smoothed  out  even  though  this  involves  the 
lemoval  of  more  metal.  Grinding,  where 
required,  can  best  be  accomplished  by  using 
rubber  base  wheels  into  which  tiny  particles  of 
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aluminum    oxide    abrasives;  have  been 
inipregnated. 

Chemical  treatment  of  exposed  surfaces  is 
applied  in  .  the  same  'manner  as  any  other 
aluminum  surface; 

Cdrrosioh  Removal  . 
From  Ironvat^  Steel  . 

■    ■    .  ■  ■      '  ,   ■  ■  ' 

'  The  jmost  practical  nteans  of  controlling  the 
corrosion  of  steel  is  the  complete  removal  of  the 
corrosion  products  (rust)  by  mechanical  means. 
Except  on  highly  stressed  steel  surfaces,  the  use 
of  abrasive  pap^i^,  small  power  buffers'  and 
buffing  compounds,  hand  wire  brushing,  and 
steel  wool  are  all  acceptable  cleanup  procedures. 
It  is  a  fecognized  fact,  however,  that  in  any  such 
uses  of^  abrasives,  residual  iron  rust  usually 
remains  in  the  bottom  of  small  pits  and  other, 
-surfaces.  As  a  result,  a  part  once  rusty  usually 
corrodes  again,,  and  more  easily  than  it  did  the 
first  time. 

There  are  approved  methods  for  converting 
active  iron  rust  to  phospTiates  and  other 
protective  coatings;  however,  'most  of  these 
^  procedures,  require  shop  installed  equipment  and 
are  therefore  impractical  in  the  field.  Another 
disadvantage  of  chemically  inhibiting  iron  rust  is 
tht  danger  of  entrapping  these  chemicals  in 
installed  assemblies  where  thorough  fiushing  is 
difficult,  thereby  causing  far  more  corrosion 
than  was  originally  present. 

C  A  'b  M  I  U  M  -  PLATED 
SURFACES.-Cadmium  platings  are  still  offering 
sacrificial  protection  even  when  they  show 
mottling  ranging  from  white  to  brown  to  black 
on  their  surfaces..  This  discoloration  should 
never  be  removed  for  the  sake  of  appearance 
illone.  Not  until  the  characteristic  color  peculiar 
to  corrosion  of  the  base  metal  appears  ^should 
sleps  be  taken.  « 

Corrosion  present  should  be  removed  by 
rubbing  lightly  with  stainless  steel  wool.  Under 
no  circumstances  should  a  wire  brush,  stainless 
or  otherwise,  be  used  on  cadmium-plated 
surfaces  as  these  will  remov  more  plating  than  ' 
corrosion.  After  the  corrosion  has  been 
removed,  the  affected  area  should  be  swabbed 
with  a  chromic  acid  solution  and,  after  30  to  60 
seconds,  rinsed  with  clean  water  arid  dried  with 


clean  cloths  or  lo\y-pressure  compressed  air.  The 
part  is  then  ready  for  a  protective  paint 
coating.  • 

S  T  A  I  Vl  L  E  S  S  STEEL  ALLOY 
SURFACES. -When  processing  corroded 
stainless  steel  surfaces  in  the  field,  the  following 
precautions  must  be  considered: 

1 .  Stainless  steel  surfaces  are  never  wire 
brushed  under  any  condition. 

2.  If  removal  of  heat  scale  is  necessary,  tht 
part  should  be  removed  and  sent  to  the  nearest 
depot  maintenance  activity  for  the^  proper 
chemical  treatment.    .  . 

'3.  In  some  cases,  stainless  steel  components" 
may  be  cleaned  by  light  blasting  with  100-mesh 
--^.garnet  or  the  equivalent  at  a  pressure  not  to^ 
exceed  40  psi;  however,  this  requires  special" 
equipment  that  is  not  generally  available  in  the 
field. 


Corrosioil  Removal 
From  Magnesium 

Magnesium  corrosion  reprotectioni  involves 
the  maximum  removal  of  corrosion  products, 
the  partial  restoration  of  surface  coatings  by 
chemical  treatment,  and  a  reapplication  of 
protective  coatings. 

After  cleaning  the  surface  and  stripping  the 
paint,  if  any,  as  much  of  the  corrosion  products 
as  possible  should  be  broken  lo^ose  and  removed 
using  a  stiff  ^bristle  brush.  Steel  wire  brushes', 
carborundum  abrasives,  or  steel  cutting  tools 
should  not  be  used. 

The  corroded  area  is  treated  liberally  with  a 
solution  of  chromic  acid  and  battery  electrolyte. 
The  solution  is  worked  into  pits  and  crevicbs  by 
brushing  the  area  while  still  wet,  again  using 
bristle  rather  than  a  'metal  brush.  After  the 
chromic  acid  solution  has  remained  in  place 
from  5  to  20^  minutes^  the  excess  should  be 
wiped  off  with  a  damp  cloth.  If  an  excess  of  the 
solution  is  allowed  to  dry  on  any  painted 
surfaces,  the  paint  film  will  be  ruined.  As  soon 
as  the  surfaces  are-  dry  after  the  damp  cloth 
wiping,  the  original  protective  paint  ,  scheme 
should  be  restored. 
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Corrosion  Damage  Limits 

The  term  "corrosion  damage  limits"  refers 
to  the  amount  of  metal  which  may  be  removed 
from  a  corroded  part  and  still  maintain  the 
required  safe  margin  of  strength  and  function. 
When  removing  corrosion,!  maintenance 
personnel  must  be  vfery  careful  .not  to  remove 
more  of  the  metartqan  is  absolutely,  necessary 
to  ensure  complete  removal  of  corrosion. 

Damage  which  exceed?  those  limits  specified 
in  tiie*  applicable  Struct lual  Repair  Manual  or 
the  Corrosion  Control  section  of  the  applicable 
Instructions  Manual  necessitates  replacement  of 
the  affected  part  if  actual  structural  repair  of  tKe 
damage  is  not  possible  or  feasible. ' 

One  of  ther  biggest  problems  in  corrosion 
control  is  in  knowing  what  materials  to  use, 
where   to    find  them,   and   the  limitations 


applicable  to  their  use.  Materials  used  should  be 
those  covered  and  controlled  by^  military 
.  specifications.  Corrosion  control  infonhation 

,  pertaining  to  materials,  methods^  and  techniques 
is  scattered"  throughout  many  directives  and 
instructions*  The  following  is  a  list  of  sources  of 

,  information'  that  should  be  available  for 
reference  in  every  unit's  technical  library  or  in 
the  ground  support  equipment  shop: 

1 .  Corrosion  Control  for  Aircraft,  NAVAIR 
Ol-lA-509.,  ^ 

2.  Preservation  of  Naval  Aircraft,  NAVAIR 
15-01-500.  '  '  ' 

3.  Preservation    of   Aircraft  Engines, 
NAVAIR  15^2-500. 

4.  Chart -Chemical   Materials    for  Naval" 
Weapons  Systems— Maintenance  and  Overhaul 
Operations,  NAVAIR  07-1-503. 
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ENVIRONMENTAL  POLLUTION  CONTROL 


When  it  first  began  to  dawn  on  people  that 
the  environment  was  worsening,  that  blight  was 
creeping  across  our  land,  that  the  air  was 
polluted  and  the  waters  running  with  waste,  the 
Navy  took  steps  to  lessen  its  contribution  to  all 
the  varieties  of  pollution.  In  the  face  of  this 
challenge.  Navy  training  and  education  of  the 
ASM  must  be  broadened  so  that  he  can  have  the 
knowledge  to  combat  this  effect  on  our 
environment;  thus,  the  inclusion  of  this  chapter 
in  this  manif&l. 


AIR  POLLUTION 

tW  contamination  of  thie  air  with  unwanted 
gases,  smoke  particles,  and  other  substances  is 
generally  considered  a  recent  phenomenon.. 
However,  pollution  of  the  air,  particularly  with 
srnoke,  has  plagued  communities  since  the  dawn 
of  the  Industrial  Revolution.  By  the  latter  part  . 
of  the  19th  century  complaints  against  air 
pollution  were  registered  in  Europe  as  well  as  in 
the  United  States.  Records  show  that  pollution 

.  controjl/  laws  were  adopted  by  Cliicago  and 
Cincinnati  as  early  as  f881,  and  that  by  1912, 
most  American  cities  \yith  populations  over 

/   200,OtfO   has   smoke   abatement  ordinances. 

Although  historical  records  dp  not  offer  any 
assurance  that  a  significant  amount  of  pollution 
was  ever  controlled  under  these  laws,  it  was  a 
beginning.  ||Tiese  local,  control  efforts  were 
focused  primarily  on  reducing  smoke  from  fossil 
fuels,  particularly  coal,  by  regulating  the  types^ 
of  coal  that  could  be  burned,  by  improving 
combustion  practices,  and,  in  some^ cases,  by  the 
application  of  special  devices  to  control 
emissions  of  particles  into  the  air. 


During  the  1940s,  a.  ^new  type  of «  air 
pollution  problem  was  emerging.  When  'the 
citizens  of  Los  Angeles  began,  to  cqmplain  of 
smog,  tew  people  suspected  that  the  problem  of 
smoke  pollution  and  the  general  problem  of  air 
pollution  are  not  the  same.  Los  Angeles  used 
virtually  none  of  thie  fuels  primarily  responsible 
for  the  smoke  problems  of  other  cities;  yet,  the 
smog  became  worse.  It  was  later  discovered  that 
the  Los  Angeles  smog  was  not  due  primarily  to 
smoke  in  the  air,  but  to  the  action  of  sunlight  on 
certain  of  the  gases  emitted  by  car  exhausts. 

CLASSES  OF 
POLLUTION 

'Five  main  classes  of  pollutants  are  pumped 
into  the  air  over  the  United -States,  totaling  more 
than  200  million  tons  per  year.  The  five 
pollutants  are  carbon  monoxide,  particulate 
matter,  sulfur  oxides,  hydrocarbons,  and 
nitrogen  oxides. 

Carbon  Monoxide 

Carbon  monoxide  is  an:olorress,  odorless, 
poisonous  gas,  slightly  lighter  than uiir,  that  is 
produced  by  the  incomplete  burning  of  the 
carbon  in  fuels.  Carbon  monoxide  emissions  can 
be  minimized  by  supplying  enough  air.  to  ensure 
more  complete  conjbustion.  When  this  happens, 
carbon  dioxide'"(d02),  a. natural  constituent  of 
the ^a^moTphe^e,  is  produced  instead  of  carbon 
.jTionoxide. 

Almost  two-thirds  of  the  carbon  monoxide 
in  the  air  we  breathe  comes  from  internal 
combustion  engines,  and  the  overwhelming  bulk 
of  that  comes  from  gasoline-powered  motor 
vehicles.  This  is  one  of  the  most  common 
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{)olIutants,  and  when  inhaled,  it  displaces  the 
oxygen  in  the  blood  and  reduces  th^  amount  of 
oxygen  carried  to  the-  body*s  tissiielk^t  levels 
commonly-^ound  in  the  air,  it  can  affect/^ 
reactiohs  of  even  |he  healthiest  persons,  making 
them  more^rprye  to  accidents.  \ 

Studies  show '  that  exposure*  to  VO  parts 
carbon  monoxide  per  milHon  parts  of  airXppm) 
for  approximately  8  hours  can'affect  a  pe;rson*s 
mental  performance,  Suchj  levels  qf  carbon 
monoxide  are  commonly  found  in  cities 
throughout  the  world.  In  heavy  traffic,  levels  of 
70,  80,  or  100  ppip  are  not  uncommon.  . 

The  elimination  of  carbon  monbbcide  is^ 
generally  treated  along  with  nitrogen  oxides  and 
hydrocarbons,  as  these  pollutants  cannot  be 
treated  , separately  in  the  ♦  case  of  automotive 
exhaust  einissions.  . 

•  This  may  be  done  by  :  controlling  .  the 
poUiitants  •  with— proper  turie-ups  and  correct 
emission  equipment  that  will  cause  the  vapors 
from  fuer  tol5e  buried  in  the  engine.  Intensive 
research  is  under  way  to  improve  auto  emission 
controls  and  to  modify  fuels  to  reduce  the 
emissions  of  nitrogen  oxides,  hydrocarbons,  and 
(iarbon  monoxide. 

Particulate  Matter 

'  Particulate  matter  includes  particles  of  solid 
or  liquid  substances  in  a  very  wide  range  of  sizes, 
from  those  that  are  visible  as  soot  and^^oke  to 
particles  too  small  to  detect  except  under  an 
electron'^iriicroscope.  Particulates  may  be  so 
small  that  Jhey  remain  in  the  air  for  long  periods 
and  can  be  transported  great  distances  by  the 
winds.  They  are-*  produced  /primarily  by 
stationary  fuel  combustion  Q\  percent^  ahd 
indi^strial  processes  (27  percent).  Forest  fires 
and /other  miscellaneous  sou/ces  account-for  42 
pwient.     .  '  ' 

The  lowest  particulate  levels  at  wliich  health 
effects  have  been  noted  in  the  United  States 
have^heen  reported  in,  studies  at  Buffalo,  N.Y. 
The  Buffalo  findings  suggest  that  the  overall 
death  rate  increases,  in  areas  with  an  annual 
average  co.nc^tration  ranging  from  80  to  100 
micrograms  per  cubic  meter.  This  study  also 
reveals -an  association  between  these  levels  of 
particulate  matter  and  gastric  xancer  in  men  50 
to  69  years  old,  and  a  similar  association  was 


found  in  a  Nashville,  Tenn.,  study.  Particulate 
levels  in  this  range  afe  found  in  most  major 
urban  are^  and  are  common  evea  in  smaller 
industrial  cities. 

.  A  number  of  particulates  picsent  special 
health  hazards.  &ryllium,  for  example,  which 
may  be  emitted  from  industrial  sources  and  in 
smaller  amounts  from  its  use  in  rocket  fuel,  can 

.cause  lesions  in  the  lun^,  leading  to  serious 
respiratory  damage  anH  even  death. 

Asbestos,  long  recognized  as  presenting  an 
occupational  h^ard,  is  increasij^ly  i)resent  in 

•the  air  .from  its  use  in  construction  mate^als, 

"  brake  ^  linings,  and*  other  products.  Long 
exposure  produces  the  lung  scarring  disease 
asbestosis.  On  the  other  hand,  heavy  or- 
continued  exposure  does  not  .necessarily 
produce  mesothelioma,  a  type  of  lung  cancer, 
associated  almost  .exclusively  with,  asbestos 
exposure.        ^  '  ;  • , 

A  host 't)f  other  particulates  are  of  growing 
concern  even  tho,ugh  thpy  may  not  constitute 
such  an  immediate  and.  direct  threat,  For 
example,  current  studies  suggest  that  lead  levels 
now*  being  found  in  the  blood  ^and  .ufine  of 
urban  residents,  although  below  those  associated 
>yith  classic*  lead  poisoning,  may  .affect 'the 
ability  of  the  body,'  to  produce  blood  cells  and 
may  have  unsuspected  adverse  effects^ 
particularly  in  children.  As  air  pollution 
becomes  more  wide^read,  increasing  numbers 
of  people  are  being  exposed  to  airborne  lead, 
chiefly  from  caro  exhausts,  at  levels  formerly 

/  found  only  in  congested  areas. 

The  re  '  a  re  established  techniques  for 
controlling  particulates  from  a  boiler  stack -  or 
from  a  waste  air  stream,  among  them  are 
filtering,  washing,  centrifugal  separation,  and ' 
electrostatic  precipitation.  These  work  well  for 
most  of  the  particles,  but  complete  removal, 
especially  of  the  very  finest  particles,  is. 
technically  and  economically  difficult. 

>i  •  -  • 

Sulfur  Oxides  .  . 

>  ,  Sulfur  oxides  are  acrid,  corrosive,  poisonous 
gases  produced  >yhen  fuel  confining  sulfur  is 
burned.  Electric  utilities  and  industrial  plants  are 
its^principal  producers  since  their  mostlrhnndant 
fuels  are  coal  and  oil,  which  contain  sulfur  as  an/^ 
impurity.  The  burning  of  coal  produces  abou^ 
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60  percent  of  all  kxUfuv  oxide  emissions,  oil 
about  14  percent,  and  industrial  processes  that 
use  sulfur,  22  percent.  Most  of  the. coal  and  oil  is 
burned  in  electric  power  generation  plants. 
.About  two-thirds  of  the  nation's  sulfur  oxides 
are  emitted  in  urban  areas,  where  industry  and 
population  are  concentrated.  , 

These  sulfur  oxides  cart  cause  botli 
teniporary  and  permanent  injury  to 
respiratory  system.  When  sulfur  oxides  . 
inhaled  along  with  particulate  matter,  the  healUi 
damage  mcreases  significantly.  Sulfur,  dioxide 
gas  alone  can  irritate  the  upper  respiratory  tract. 
Health  may  be  affected  adversely  when  the 
annual  mean  concentration  of  sulfur  dioxide  in 
the  air  rises  above  115  micrograms  (.115 
milligrams)  per  cubic  meter  (35.3  cubic  feet). 
American  cities  often  substantially  exceed  this 
annual  mean. 

Government  agencies  and  industry  have 
sought  to  reduce  sulfur  oxide  emissions  in  three 
ways:  switching  to  low  sulfur  fuels  (those  with 
less  than  1  percent  sulfur),  removing  sulfur  from 
fuels  entirely,  and  removing  sulfur  o'xides/from 
the  combustion  gases. 


Hydrocarbons 


Hydrocarbons,  jike  carbon  monoxide, 
represent  unburned  and  wasted  fuel.  Unlike 
carbon  monoxide,  gaseous  hydrocarbons  at 

..concentrations  normally  found  in  the 
atmosphere  are  not  toxic^;  but  they  are  major 

'poUutants  because  of  their  role  in  forming 
photochehiical  smog.  Nitrogen  oxides,  \yhen  in 
the  presence  of  sunlight,  combine  with  gaseous 

'hydrocarbons  to  form  a  complex  variety  of 
secondary  •  pollutants  called  photochemical 
oxidants.   More  than  half  the  estimated  %2, 

-  millioA  tons  of  hydrocarbons  produced  each 
yearxomes  from  transportation  sources,  mainly 
gasoline-fueled  vehicles.  Another  27  percent 
conies  from-  niisceUaneous  burning  and  14 
percent  from  industrid^^^rocesses.  About  60 
percent  is  produced  in  urban  areas^  largely 
because  there  are  more  automobiles.  "  — 
.  '  ■/ 

Nitrogpn  Oxides 

'\\ 

Nitrogen  oxides  are  produced  when  fuel  is 
burned  at  very  1       temperatures.  Stationary 


combustion  plants  produce  49  percent  of  the 
n  i t  r o^ige  n  oxide  e  m  i s s ions transportation 
vehicles,  39  percent;  and  'all  othe^'  sources,  12 
percent.  ^  f 

Internal  combustion  engines  oj^erate  at  very 
high  temperatures,  and  so  do  Kficient,  large 
riectric  power  and  industrial  boilers.  Nitrogen 
that  is  ordinarily  inertrcombines  with  oxygen  in 
'ugh  temperature  flames  and  tends  to  stay 
r)nibined  if  the  exhaust  gases  are  cooled  too 
[uickly.  tihe.  control  of  nitrogen  oxides  from 
stationary  sources  requires  careful  adjustment  of 
flames  and  stack \gas  temperatures.  Control  of 
nitrogen  oxides  from  automobiles  is  more 
difficult  because  reducing  other  pollutants  can 
increase  the  output  of/nitQDgen  oxides.  \ 

Under        influi^nge  of  sunlight,  nitrogen^ 
oxides  cori\bine  v/itK  gaseous  hydrocarbons  to 
form  a  complex  variety  of  secondary  pollutants, 
called  photochemical  oxidants.  These  oxidants, 
together  with  solid  and  liquid  particles  in  the  air, 
make  up  what  is  commonly  known  as  smog.  The , 
photochemical  oxidant  family  of  pollutants  can  . 
causft^Yeye;  and  -lurig   irritation,   damage  to 
vegetation,  offensive  odor,  and  thick  haze. 

Reducing  sulfur  discharges  from  ships  has 
proven  to  be  a  difficult  job.  Starting  in  1967, 
the  Navy  developed  a  new  type  of  fuel  oil  called 
Navy  distillate  fuel  This  fuel  redyces  smoke  and  o 
sulfur  dioxide  emissions  very  sig^ficantly.  It  is  a  / 
clean-burning  fuel  and  an  intensive  program  i^ 
underway  to  convert  all  conventionally  powered 
.  ships  to  this  new  type  of  fuel. 

CONTROLLING  POLLUTION 

"  In  the  United  States  there  are  a  variety  of 
Federal, .  state,  and  local  programs  aimed  at 
combating   air   poUution.   The   first  Federal- 
program  dealing  with  air  pollution  was  created 
in   1955,  when  Cortgress  enacted  legislation 

"-authorizing  Federal  research  into  the  problem 
while 'also  giving  technical  assistance  to  state  and 
local  governments.  This  legislation  established 

^  the*^  Federal/  policy  that  state  and  local 
governments  have  a  fundamental  responsibility 
for  dealing  with  community  air  pollution 
problems  and  that  the  Federal  government  has 
an  obligation  to  provide  leaidershif)  and  support. 
This  poUcy  is  ?till  in  effect,  and  all  Federal  air 
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pollution  ^ograms  are  carried  out  by  the 
National  Air  Pollution  Control  Administration 
(NAPCA). 

In  1963  the  U.S.  Congress  enacted  the  clean 
air  act,  which  authorized  two  new  major  Federal 
activities  to  support  air  control  efforts 
throughout  the  country  and  the  awarding  of 
grants  directly  to  state  and  loc?'  agencies  to 
assjst  them  in  developing,  or  improving  control 
programs.  It  also  assigned  the  Federal 
government  new  responsibilities  lor  the  research 
pn  two  important  aspects  of  the  Federal 
/pollution  problem,  motor  vehicle  pollution,  and 
sulfur  dioxide  pollution.  In  addition,  it  gave  the 
Federal  goverhitient  the  responsibility  of 
developing  criteria  to  evaluate  the- effects  of  air 
pollution  on  health 'and  properly.  In  1965  the 
clean  air  act  was  amended  to  enable  the  NAPCA 
to  establish  standards  of  motor  vehicle 
pollution.  Briefly,  here  is  \yhat  the  Navy  has 
done  to  reduce  pollution  from  crankcase  and 
exhaust  emissions.  ^ 

During  the  combustion  process  in  a  gasoline 
engine,  gases  seep  past  the  piston  rings  into  the 
crankcase,  Thes^e  gases  are  the  result  of  burned 
and  .unburned  fuel  and  oil  in  the  combustion 
chamber.  The  seepage,  called  blowby.  moving 
past  the  rings  is  the  result  of : 

1.   High  comliustion  chamber  pressures. 

2:   Necessary'  working  clearance  of  piston 

nilgs  in  their  grooves.  / 
3.   Normal  ring  sl^^fting  that  sometimes  lines 

up  clearance  gnps  of  two  or  more  rings.' 

If  blvnvby  is  noti  removed  -  from  the 
cTankcase,  it  condenses  in  the  crankcase  to  form 
sludge  and  to  cause  oi^  dilution. 

In  1963,  T)ie -positive  Crankcase  Ventilation 

^(PCV)  system  was  rntroduced  on  all  newly 
manufactured  cars.  ^Hp^vever,  this  system  had 
been  used  on  military  vehicles  long  before  this 
to  combat  sludge  problems.  The  first  systems 
used  the  OPEN  PCV  system.  This  system  uses 
manifold  vacuum  for  its  vacuum  source--Ffesh 
air  enters  an  open  PCV  .system  through  a  vented 

.  oil  filler  cap,  mixes  with  the  crankcase  vapors  in 
the  crankcase,  and  is  metered  through  a  PCV 
valve  into  the  intake  manifold.  Here  it  blends 


with  the  fuel  air  mixture  being  delivered  by  the 
carbur-^tor  to  be  burned  in  the  combustion 
chamber. 

Starting  in  1968,  ail  new  cars  and  trucks 
have  been  equipped  with  the  CLOSED  PCV 
system.  The  closed  PCV  system  is  similar  in 
operating  principle  to  the  open  system  except 
tha'  fresh  air  enters  the' closed  system  from  the 
clean  air  side  of  the  air  cleaner  or  a  separate  PCV 
breathe;  filter  on  the  inside  periphery  of  the  air 
cleaner.  '  ^  ! 

Most  open  and  closed  systems  normally  use 
a  PCV  valve.  However,  some  installations  use  a 
fixed  orifice  instead  of,  a  valve.  In  some 
instances,  the  metering  orifice  is  in  the  oil  filler 
cap.  In  these  systems,  the  air  flow  in  the  PCV 
system  is  liot  regulated,  but  only  restricted.  This 
is  referred  to  as  the  tube-type  ventilation 
system.  Re^^ulatioh  of  the  ^lir  fuel  ratio  is 
accomplished  through  carburetion  alone,  since 
the  orifice  size  is  fixed  and  cannot  be  varied 
during  operation. 

Excessive  (visible)  exhaust  emissions  are  due 
primarily  to  incomplete  combustion  in  the 
combustion  chamber.  The  automobile 
manufacturers  use  different  means  to  control 
these  emissions  and  likewise  use  different 
general  terms  to  identify  their  systems.- 

During  deceleration  the  fuel  air  ratio  is  very 
rich  in  the  area  of  the  exhaust  valve.  If  the  air 
pump  system  were  allowed  to  operate  under  this 
condition,  back-firing  conditions  would  result  as 
soon  as  the  fresh  air  from  the  pump  mixed  with 
overly  rich  vapor  to  produce  a  combustible 
mixture.  A  vacuum-operated  diverter  valve 
(bypass  valve)  prevents  this  by  dumping  cir 
pump  output  into  the  atmosphere  during  the 
deceleration  p  liod.  (Some  installations  divert 
the  air  pump  output  directly  back  to  the  air 
pump  itself.) 

In  addition  to  or  st^^'^tituting  for  the  air 
pump,  most  cars  manufactured  beginning  in 
1968  use  modified  carburetion  (resulting  in 
cleaner  fuel  air  ratios),  revised  ignition  timing, 
and  hotter  thermostats.  \. 

Motor  vehicle  pollution  is  the  prodiict  pf  a 
complex  combustion  system  of  engines,  fuels, 
and  fuel  additives.  Effective  control,  then^ 
means  dealing  not  only- with  engines  and  control 
devices  but  with  the  fuel  itself  and  with  fuel 
additives. 
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Air  injection  was  {he  first  step  toward  the 
control  of  exhaust  emissions.  This  is  commonly 
referred  to  as  an  AIR  PUMP  system.  It  was  first 
used  in  1966  and  1967  on  some  cars  and, 
beginning  in  1968,  was  rather  widely  used  on 
niany  cars.  The  following  is  a  trade  description 
of  the  'air|  pump  as  offered  by  some 
manufactureijs. 

Tlie  system  _coiisists-of-an  air  pump,  air 
manifold,  check  valve,  and  diverter  valve.  Most, 
pumps  use  a  relief  valve  in  the  side  of  the  pump 
housing  which  relieves  the  pressure  built  up  in 
the  punip  if  it  exceeds  a  predetermined  value. 

lii  operation,  compresseil  air  from  the  pump 
is  distributed^ through  i-:  r.iamfoM  to  the  pipe 
extension  or  jet  behind  each  exhaust  valve.  The 
injection  of  air  this  point  causes  those 
unburned  fuel  and  .oil  particles  and  other 
by-products  of  combustion  to  bum  in  the 
exhaust  manifold  as  they  leave  the  cylinder  head 
rather  than^pass  out  to  the  atmosphere  through 
the  exhaust  pipe. 

The  check  valve  prevents  exhaust  gases  from 
entering  the  pump  should  pump  or  drive  belt 
failure  occur. 

^  The  key  undesirable  additive,  from  an  air 
pollution  control  view  point  is  tetraethyl  lead  in 
gasoline.  It  accounts  for  a  significant  portion  of 
the  particulate  pollution  from  automobiles. 
Some .  gasoline  manufacturer's  are  producing 
gasoline,  that  is  almost  lead-free.  However,  some 
premium  gasolines  containing  lead  will  still  be 
needed  for  a  number  of  years  to  meet  the 
requirements  of  high  compression  engines  in 
older  cars. 

Jet  engines  also  contribute  their  share  of 
pollutants  to  the  air.  Present  Navy  efforts 
toward  reduction  of  air  pollution  by  jet  engines 
are  being  directed  along  two  channels:  (1) 
iiripro)vement  of  engines  and  (2)  removal  of 
particulate  matter  from  engine  test  cell  exhausts. 

To  date,  the  Navy  has  spent  money  on 
development  of  smokeless. combustors  and  the 
retrofitting  of  new  combustor  cans  in  certain 
engines.  Replacement  of  combustor  cans  in  the 
^TF-30-P-8  and  J52-P-8  engines  has  been 
completed.  More  money  and  effort  will  be  spent 
to  develop  acceptable  designs  and  prototypes  to 
eliminate  smoke  from  the  TF  41,  TP  30-P-6, 
T56,  J79  a:;d  J57  models. 


New  naval  aircraft  engines  will- be  equipped 
with  smokeless  combustors.  These  are  the  F14, 
S3  and  engines  for  new.  heavy-lift  helicopters. 

It  is  expected  that,  by  1976  or  1977,  all 
naval  combat  aircraft  will  be  equipped  with 
smokeless  combustors  and  v^all  comply  with 
regulations  on  visible  emissions. 

Studies  have  been  made  of  several  systems 
for  controlling  emissions  from  jet  engine  test 
cells.  A  system  called  a  "nucleation  scrubber"  or 
wet  scrubber  facility  seems  promising.  It  is 
expected  vo  remove  99  percent  of  the  noxious 
gases  from  engine  test  cell  emissions. 

The  Navy,  with  the  cooperation  of  Pratt  and 
)yhitney,  has  carefully  evaluated  the  use  of  fuel 
additives,  including  Ethyl  both  in  engine 

test  cells  and  in  flight  Tests  have  indicated 
degradation* of  engine  perlormance  and  in  some 
cases  compressor  stalls,  a  very  unacceptable 
condition.: Use  of  this  additive  has  also  resulted 
in  deposits  of  hard  residues  on  surfaces  of 
internal  -engine  partsV  significantly  increasing 
maintenance. 


WATER  POLLUTION 

There  are  several  Federal  laws  goveniing  air 
and  water  quality  standards,  when  they  must  be 
achieved,  and  punishments  for  violations^  In 
conjunction  with  these  laws  there  are  several 
Navy  instructions  concerning  <  procedures  to  be 
followed  by  ships  and  shore  installations  to 
abate  pollution  of  the  environment  in  general, 
and  of  waters  in  particular.  Several  basic, 
biological,  chemical,  and  physical  processes 
affect  the  quality  of  water.  Since  this  text  can 
only 'generalize,  water  pollution  will  be  divided 
into  two  categories:  brganic  waste,. and  oil. 

ORGANICxWASTE 


Organic  wastes  (natural  products  such  "as 
food,  paper,  ^imian  ^waste)  decompose  by 
bacterial  action.^  Bacteria  attack  wastes  dumped 
into  rivers  and  lakesVusing  up  oxygen  in  the 
process.  Fish  and  other  aquatic  life  need  oxygen. 
If  the  waste  loads  are  so  gre^t  that  large  amounts 
of  oxygen  are  spent  in  .  their\^ecomi)Osition, 
certain  types  of  fish  can  no  lohgei;  live  in  that 
body  of  water.  A  pollution-resistant^lower  order 
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of  fish,  such  as  carp,  replace  the  original  fish 
population.  The  amount  of  oxygen  in;-a  water 
body  is  therefore  one  of  the  best  measures  of  its 
ecological  health. 

If  aU  the  oxygen  is  used,  an  anaerobic 
(without  air)  decomposition  process  is  set  in 
motion  with  a  different  mixture  of  bacteria. 
Rather' than  releasing  carbon  dioxide  in  tlie 
decom  position  process,  anaerobic 
decomposition  releases  ^  methane  or  hydrogen 
sulfide.  In  these  highly  polluted  situations,  tl^e 
river  turns  dark,  and  odors-like  rotten 
eggs—penetrate  the  environment, 
s  Heated  water  discharged  into  lakes  and  rivers 
often  harm's  aquatic  life.  Heat  accelerates 
biological  and  chemical  processes,  which  reduce 
the  ability  of  a  body  of  w*aiter  to  retain  dissolved 
oxygen  and  other  dissolved  gases.  Increases  in 
temperature  often  di^pt  thfe  reproduction 
cycles  of  fish.  By  hastening  biological  processes, 
heat  accelerates  the  growth  of  aquatic 
plants— often  algae.  Finally,  the  temperature 
ievel  determines  the  types  of  fish  and  other 
aquatic  life  that  can  live  in' any  particular  body 
of;  water.  Taken  together,  these  effects  of  exCess 
heat  operate  to  change  "the  ecology  of  an 
area— sometimes  drastically  and  rapidly. 
/*  - 

One  of  the  most  serious  water  pollution 
problems  is  eutrophication-the  "dying  of 
lakes".  All  lakes  go  tlu-ough^  a  natural  cycle  of 
euthrophication,  but  normally  it^  takes 
thousands  of  years.  In  the  first  stage  lakes  are 
deep  and  have  ^  little  biological  life.  Lake 
Superior  is  a  good  example.  Over  tirhe,  nutrients 
jand  sediments  are  added;  the  lake  becomes  more 
biologically  productive  and  shallower.  This  stage 
has  been  reached  by  Lake  Ontario.  As  nutrients 
continue  to  be  added,  large  algal  blooms  grow, 
fish  populations^  change,  and  the  lake  begins  to 
take  on  undesirable  characteristics.  Lake  Erie  is 
now  in  this  stage.  Over  time,  the  lake  becomes  a 
swamp  and  finally  a  land  area. 

Man  greatly  accelerates  this  process  of 
eutrophication  when  he  ailds  nutrients  to  the 
water  — detergents,  waste  food  products, 
fertilizers,  and  human  wastes.  He  hais  done  this 
in  Lake  Erie  and^  countless  other  lakes.  Man's 
action  can,  in  decades,  cause  change  that  would, 
take  nature  thousands  of  years. 


We Ve  mentioned  above  the  harmful  effects 
of  polluted  waters  on  the  natural  environment, 
but  what  about  water  pollution's  effect  on 
human  health? 

Epidemics  of  typhoid,  dysentery,  and 
salmonellosis  borne  by  polluted  water  are  no 
longer  serious  public  health  threats  in  the  United 
States.  ^  However,  to  '  maintain  adequate 
protection  of  the  public  from  these  and  other 
pollution  dangers,  water  must  oft^n  be  treated 
to  high  levels  before  it  is  drinkable.  Beaches 
often  must  be  closed  and  shellfish  left 
unh'arvested  and  unmarketed.  Inadequately 
disinfected  municipal  wastes,  overflows  from 
combined  sewer  systemis,  and  runoff  from 
animal  feedlots  often  create  high  bacteria 
densities  in  local  water  supplies.  Ships  that  are 
anchored  far  up-stream  can  contribute  to  a  high 
bacteria  count  in  a  (community's  \vater  supply. 
The  Navy  is  exploring  the  use  of  many  devices . 
and  schemes  to  lessen  the  effect  of  waste 
discharges  on  water.  Some  of  .them  are  discussed 
in  the  following  paragraphs.  .  '  ' 

.  .  Because  there^  have  been  no  constraints  , on 
the  quah'ty  of  effluent  (nutrients,  etc)  in  the 
past,  optimum  damage  resistance  and  minimum 
cost  design  for  Navy  ships  dictated  a  minimum 
penetration  of  water  tight  bulkheads  and  decks. 
This  led  to  direct  overboard  discharge  of  all 
waste  drains  and  soil  drains  into  rivers,  bays, 
estuaries,  and  the  high  seas  at  the  nearest  point 
of  approach  of  the  hull  plating  from  the  head  or 
washrooms.  Carriers,  for  example,  have  as  many 
as  1  50  discharge  hull  penetrations. 

The  Water  Quality  Improvement  Act  of 
1970,  PL  91-224,  dated  3  April  1970,  stipulates 
that  the  environmental  protection  agency  would 
set  the  sewage  system  effluent  standards.  This 
law  also  stipulates  that  existing  ships  including 
those  under  construction  would  have  to  be 
backfitted  within  five  years  after  the  sewage 
system  effj^uent  standards  were  promulgated. 
Ships  constructed  after  this  date  must  meet  the 
standards  within  2  years. 

The  Navy  has  funded  research  and 
development  on  Marine  sanitation  devices.  These 
are:  (1)  Aerobic  Systems,  (2)  the 
Macerator-Chlorinator,  (3 )  the  Recirculation 
Flush-sludge    Storage    System,    (4)  175-Man 
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Fairbanks-Morse  System,  and  (5)  the  500-Man 
Fairbanks-Morse  System. 

Aerobic  systems  for  shipboard  use  have  not 
been  successful,  and  the  Navy  terminated  this 
effort  several  years  ago.  Both  the  Coast  Guard 
and  the  EPA  also  terminated  further 
development  of  these  basically  small  extended 
aeration  biological  systems  for  shipboard  use. 

The  Macerator-Chlorinator  system  merely 
grinds  the  solids^' into  small  particles  and  mixes 
the  raw  sewage  with  hypochlorite.  Some  - 
chemical  reaction  occurs  to  reduce  biochemical 
oxygen  demand  (a  measure  of » the  amount,  of 
oxygen  needed  to  decompose  wastes)  and  most 
of  the  organisms  are  destroyed.  This  unit  is  ^ 
simple  to  install  and  operate  and  is  lowest  in 
cost,  weiglit  and  space  problem.  However, 
operational  experience  with  these  systems  found 
them  unreliable,  and  the  discharged  chlorine 
presented  another  pollution  problem. 

The  Recirculation  system  uses  water  to 
circulate  the  solid  sludge  to  a  holding  tank 
where  the  water  is  removed  and  the 
concentrated  sludge  is  stored.  This  system  is 
similar  to  that  used  on  commercial  aircraft.  The 
water  is  treated  by  chemicals  and  is  recirculated 
in  the  system.  The;  concentrated  sludge  is 
scleaned  out  when  the  ship  is  at  sea  or  is 
connected  to  a  shore  sew^e  line.  It  is  simple, 
low  cost  and  requires  low  space  and  weight  for 
installation.  However,  holding  capacity  is  limited 
and  this  places  a  constraint  on  ship  operations. 
One  manufacturer  of  a  system  of  Jthis  type  is 
developing  an  incinerator  to  burn  the  sludge. 

With  all  tills  effort  and  time,  the  Navy  has 
yet  to  develop  what  can  be  considered  a  system 
that  has  proven  reliable,  maintainable  and  safe. 
Obviously,  ship  sewage  disposal  is  the  most 
difficult  Navy  problem  to  solve.  Currently,  we 
have  24  different  proposals  under  evaluation  and 
are  encountering  problems  of  performance  and 
equipment  reliability.  The  Navy  must  be 
absolutely  certain  that  a  completely  reliable 
system  is  available  before  we  start  installing 
equipment  on  700  navaP  ships  at  a  cost  now 
estimated  to  exceed  S300  million. 

OIL  POLLUTANTS 

Oil  is  probably  the  most  obyious  physical 
pollutant.  Oil  spills,  as  a  result  of  iollisions,  and 


bilge  or  ballast  discharges,  put  a  coating  on 
everything  they  touch.;  Oil  makes  beaches 
unusable  and  requires  costly  cleanup  operations; 
it  Touls  boat  hulls,  pier  pilings,  and  shore 
structures;  and  it  degrades  the  esthetic  nature  of 
the  environment. 

The  Navy's  problems  are  not  those  generally 
caused  by  massive  oil  spills-but  by  the  small 
spills  in  harbors,  which  are  caused  by  leaks  in 
systems,  pverflows  through  vent  pipes  on  ships, 
fuel  .line   parting  during   oil   transfers  and 
recovering    operations,'  and    human  errors. 
Cleaning  up  those  oil  spills  is  time  consuming, 
difficult,  costly  and  often  results  in  claims 
against  the  Government.  Also,  such  spills  create 
a  serious  fire  hazard,  are  harmful  to  fish, 
shellfish   and    wild    life;   cause  .  ^amage  to 
watercraft;  deny  unrestricted  usejof  bathing 
beaches    and    othjer    private^  ^property;  can 
contaminate   water  supply  systems;  and  bel. 
displeasing.  \ 
This  oil  spill  problem  became  acute  with  the  \ 
signing  of  "The  Water  Quality  Improvement  Act  \ 
of  1970"  where  the  Congress  declared  "That  it 
is  the  policy  of  the  United  States  that  there 
should  be  no  discharge  of  oil  into  or  upon  the 
navigable  waters  of  the  United  States,  adjoining' 
shorelines,  or  inttf  or  upon  the  waters  of  the 
contiguous  zone,  i.e.,  except  those  quantities  as 
dor,   nined  by  the  Preside^nt." 

The  President  through  his  enforcement 
agency,  the  Environmental  Protection  Agency 
(EPA),  has  established  regulations  which 
prohibit  oil  spills  which  "cause  a  film  or  sheen 
upon  or  discoloration  of  the  surface  of  the  water 
of  adjoining  shorelines  or  cause  a  sludge  or 
emulsion  to  be  deposited  beneath  the  surface  of 
the  water  or  upon  adjoining  shorelines.'' 

PREVENTIVE  MEASURES 

The  Navy's  oil  pollution  abatement  problem 
and  solutions  are  being  approached  from  several 
directions.  Fleet  commanders.  Sea  Frontier 
commanders  and  commandants  have  an  active 
program  to  reevaluate  existing  operational 
procediires. 

Education,  increasing  training  measures  with 
^  relation  to  oil  problems,  and  better  preventive 
maintenance  techniques,  both  ashore  and  afloat, 
are  contributing  a  marked  reduction  in  oil  spills. 
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Containment  of  Oil 

atiSource  '  ' 

To  .this  end  the  Navy  is  programming  the 
procurement  of  thousands  of  Jeet  of  oil  booms 
for  containing  oils  clpse  to  the  source  of  'a  spill. 
The  Naval  Research  Laboratory,  in  Washington, 
D,  C.  is  studying  how  to  control  and  confine  oil 
spills  using  surface  filips.  There  ai:e  a  series  of 
orgahic  chemicals  which  form  -/ery  "thiij  surface  ' 

^.films  (monomolecular  layers)  capable  of  driving 
oil  across  a  water  surface,*,increasing  the  oil-layer 
thickness,  and  reducing  its  area  of  coverage.  A 
thicker  oil  layer  occupy&ig  a  smaller  water 
surface  area  simplifies  any  recovery  operation. 
More  importantly  the  surface  films  can  be  used 
to  prevent  spreading  of  an  oil  spill;  chemical 
boom  effect.  The  oil-control  Afilms  are  largely 
insoluble  in  both  oil  and  water  and  spread  into 
extremely  thin  layers,  usually  only  one  molecule 
thick.  Consequently,  small  quantities  can  cover 
large  water  surface  areas  and  provide  oil  control 
-and  confinement. 

Current  research  is  directed  toward  the 
selection  of  ideal  materials  for  this  application 
which  arfe  nontoxic  and  acceptable  to  the 

,  Environmental  ,  Protection  Agency  for  use  in 
rivers,  harbors,  afid  estuaries. 

Removal  or  Recovery  of  Oil  from 
Within  the  Containment  Area    -  - 

The  Navy  policy  is  to  physically  remove  oil 
from  waters  and  to  restrict  the  use  Of  chemical 
emulsifiers,  dispefsants,  and  sinking  agents 
primarily  to  incidents  which  reduce  hazard  to 
human  life  or  where  there  is  substantial  hazard  ' 
of  fire  to  property.'  Realizing  that  oil  spills  will 
inevitably  occur  in  spite  of  our  best  efforts^  the 
Navy  is  estabhshing  at  each  of  its  major  naval 
ports  an  '*ifi  house"  rapid  response  capability  to 
clean  up  moderate  oil  spills  emanating  from., 
naval  vessels  or  shore  facilities.  At  most  naval 
facilities  this  capability  will  team  up  with 
contractors  and  other  Federal  agencies,  or  join 
into  municipal  or  industrial  oil  removal  coops. 
In  an  effort  to  provide  adequate'  equiprnent  to 
do  the  job,  the  Navy  has  embarked  on  a  Joint 
Funded  Demonstration  project  for  an  oil 
skimming  device  with  the  Environmental 
Protection  Division.  The  skimmer  emtSloys  the 


inverted  weir  principle  which  takes  advantage  of 
the  buoyant  properties  of  oil.  The  oil  is  carried 
under  the  skimmer  device  and  is  captured  in  a 
chamber,  essentially  water  Tree,  for  removal  to 
storage  areas. 

Another  promising  device  consists  of  a 
rotating  rnultidisc  drum  that  looks  somewhat 
^like  a  harrow  as  it  turns,  in  the  water.  As  the 
drum  passes  over  the  oil  and  water,  the  oil 
adheres  to  the  rotating  discs.  A  wiping  device 
cleans  the  disc  and  sends  the  oil  through  a 
collection  pipe  to  a  storage  area. 

Oil  Spill  on  the 

High  Seas  ^ 

We  are  all  familiar  with  the  massive  oil  spill 
problem  associated  with  the  Torroy  Canyon 
tanker  casualty  off  the  coast  of  England^and  the 
Olean  Eagle  off  San  Juan,  Puerto  Rico.  These 
accidents  ;  have  generated  national  and 
international  concern  over  the  technical  ^njd 
managerial  aspects  of  the  problem.         '^L  ^ 

The  primary  responsibility  for  mobflizing/ 
perspnnel  ^and  material  resources  against  ^uch/ 
major 'hazards  rests  with  the  U.S.  Coast  Guard' 
Department  of  Transpbrtation,  and  the  Federal 
Water  Quality  Administration,  Department  (l>{ 
the  Interior.  However,  the  recognized  capability 
^f  the  Navy  to  opjf^rate  widely  arid  diversely/in 
the  sea  environment  makes  it  natural  for  nz^val 
forces  to  be  called  upon  to  assist  in  these  major 
oil  pollution  catastrophies.  / 

The  deliberate  pollution  of  the  high  seas  by 
petroleum  and  petroleum  products  is  causing 
.  concern  to  all  nations  of  the  world.  To  this 
'  end  the  NATO  Committee  on  the  Challenges 
to    Modern    Society    met    in    Brussels  to 
develop  action  resolutions  to  combat  pollution 
^of  the  sea  by  oil  spilis.  The  committee  developed 
Navy  resolutions  which  will  have  a  major  impact 
on  the  operation  of  vessels  on  the  high  seas  in 
the  near  future. 

The  President  stated  in  his  message  to  the 
Congress  of  20  May  1970  that  the  threat  of  oif 
pollution  from  ships  at  sea  and  in  harbors 
represented  a  growing  danger  to  our  marine.: 
environment  and  any  remedy  must  deal  with 
this  problem  oh  a  global  basis.  To,  initiate 
impetus  for  effective  international  cooperation 
in  alleviating  the  threat  of  oil  spills  on  open 
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waters,  and  to  demonstrate  the  highest  level  of 
interest;  the  President  appointed  the  Secretary 
of  Transportation  as  Chairman  of  the  U.S.: 
Delegation  represented  at  the  November  1970 
NATO  Committee  on  Challenges  of  Modem 
Society  (CCMS)  Oil  Spill  Conference  in  Brussels. 
The  Secretary  of  Transportation  in  his  address 
to  the ,  Conference  stated  that  "The  United 
States. .  .is  fully  committed  to  a  priority 
national  policy  of  improving  and  safeguarding 
environmental  quality.  Few  problems  in  this 
field  are  so  pressing  or  so  readQy  evident  as 
.those  posed  by  ocean  oil  pollution  . .  My 
government  proposes  that  NATO  nations  resolve 
,  to  achieve  by  mid-decade  a  complete  halt  to  all 
intentional  discharges  of  oil  and  oily  Wastes  into 
the  oceans  by  tankers  and  other  vessels.  This  is  a 
fundamental  and  major  goal;  it  may  involve 
steps  such,  as  improved  ship  design  aimed  at 
cleian  ballast  operations  and  the  development  of 
adequate  port  facilities  to  receive  waste,  oily 
bilge  and  ballast  waters."  The  nations  of  NATO 
adopted  this  position  in  a  slightly  modified  tone 
as  one  of  their  major  goils.  In  order  for  the 


Navy  to  respond  effectively  to  this  formidable 
task  requested  by  the  Administration  and  to 
demonstrate,  continued  Navy,  leadership  in  thfe 
field  of  pollution  abatement,  the  Navy  initiated 
a  survey  of  existing  Naval  ^hore,  Facilities  and 
ships  to  determine  the  following: 

1.  The  current  capability  ahd  capacity  for 
handling,  processing,  reclaiming  and/or  disposing 
of  bilge  and  ballast  oily  wastes  from  U.S.  Naval 
vessels  which  will  be  required  by  mid-decade.' 

2.  Needed  repairs  and  alterations  in  shore 
facilities  and  operating  practices  for  the  receipt, 
storage,  ^  issue,  and  handling  of  petroleum 
products,  to  prevent  leakage^nd  accidental 
discharge  to  the  environment.  ^^^^-^ 

3.  Required  repairs  and  alterations^  naval 
ship  systems,  Equipment,  and  procedures  for 
storing  and/or  handling  oily  mixtures  while 
underway  to  prevent  discharge  to  the  ocesin 
environment.  \ 

For  further  references  to  pollution  consult 
Basic  Military  Requirements  NAVEDTRA 
10054-C  (Series). 
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.5 

THE  METRIC  SYSTEM 


The  metric  system  was  developed  by  French 
scientists  in  1790  and  was  specifically  designed 
to  be  an -easily  used  system  of  wei^ts  and 
measures  to  benefit  science,  industry,  and 
commerce.  The  metric  system  is  calculated 
entirely  in  powers  of  10;  so  one  need  not  work 
with  the  various  mathematical  bases  used  with 
the  English  system,  such  as  12  incfies  to  a  foot, 
3  feet  to  a  yard,  and  5280  feet  to  a  mile. 

The  system  is  based  on  the  "meter"  which  is 
one  ten-millionth  of  the  distance  from  the 
Equator  to  the  North  Pole.  It  is  possible  to 
develop  worldwide  standards  from  this  base  of 
measurement.  The  metric  system  of  wei^ts  is  ' 
based  on  the  gr^m,  which  is  the  wei^t  of.  a 
sp^.cific  quantity  of  watef.^^'i. 

Soon  after  the  system  was  developed 
scientists  over  the  world  adopted  it  and.  were 
able  to  deal  with  the  mathematics  of  their 
experiments  more  easily;  The  data  and 
particulars  of  their  work  could  be  understood  by 
other  scientisfs"kny where  in  the  world.  During 
the  early  19th  century  many  European  nations 
adopted  the  new  system' for  engirteyering  and  ' 
commerce.  It  was  possible  for  these  countries  to 
trade  manufactured  goods  with  one  another 
"without  worrying  whether  it  would  be  possible 
to  repair  machinery  from  another  country 
vvithout  also  buying  special'  wrenches  and 
measuring  tools.  Countries  could  buy  and  sell:; 
machine  tools  and  other  sophisticated  and 
precision  machinery  without  troublesome 
modifications  .or  alterations.  It  was  much  easier 
to  ieach  the  metric  system,  since  meters  can!  be 
changed  to  kilometers  or  centimeters  with  the 
movemcn'c  of  a  decimal  J)oint,  which  is  rouglily 
like  b^iiig  able  to  convert  yards  to  miles  or 
inches  by  adding  zeros  and  a  decimal  instead  of 
multiplying  by  1 760  or  dividing  by  36. 


With  the  exception  of  thfe  United  States,  all 
the  industrialized  nations  qf  the  worid  have 
adopted  the  metric  \system.  Eyen^gland  and 
Canada  are  changing  from  their  traditional 
systems  of  measure,  land  the  metricssystem  will 
be  almost  universal. by  19§0.^        :  \ 

Althou^  the  metric  sy;^em  has  not.  been 
officially  legislated  by\  the  Congress,  thd-nktric 
system  is  becoming  mbine  prdi^ent  in  tnis 
country.  Most  automobile  mechaiT(ics  own  sople^x 
metric  N^a;enches  to  work  on  foreign  ca^  or 
foreign  cpmponents  in  American  cars.  Almost  gll 
photograpihic  equipment ;  is  built  to  m^tri^N, 
standards.  Chemicals  and  drugs  are  usually  sold ' 
in  metric  quantities,  and  **calorie  counters"  are 
Using  a  metric  unit  of  thermal  ener©^. 

Because  we  are  allied  with  countries  who  use 
the  metric  system,  much  of<  our  military 
information  is  in  metric  terms,  NBlitary  maps  use 
meters  and  kilometers  iristead  of  miles,  and 
many  weapons  are  in  metric  sizes,  such  as  7.62 
mm,  20  mm,  40  mm,  75',mm,  and  155  mm. 
Interchange*  of  military  equipment  has  caused  a 
mixture  of  metric,  and  En^ish  measure 
equipment  since  Worid  War  I  when  the  army 
adopted  the  French  75  mm  field  gun,  and  Worid 
War  II  when  the  Navy  procured  the  Swedish  40 
mm  Bofors  and  the  Swiss  20  mm  Oeriikon  heavy 
machine  guns.  ,  

It  is  inevitable  that  the  .United  States  will 
'officially  adopt  the  metric  system.  Exactly  vvtien 
this  happens  and  how  rapidly  the  changeover 
will  depend  on  economics,  since  the  expense  of 
retooling  our  industry  and.  commerce  to  new 
measurements  will  be  very  great.  The  cost  of 
conversion  will  be  offset  by  increased  earnings 
from  selling  .machinery  and  prpducts  overseas. 
Another  benefit  is  that  scientists\use  the  metric 
system,  but  their  calculations  now  h^e  to  be 
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translated  into  English  measure  to  be  used  by 
industry.  With  adoption  of  the  metric  system, 
ideas  can  go  directly  from  the  dr  "ving  board  to 
the  assembly  line. 

The  Navy  will  be  Wing  the  metric  system  . 
more  during  the  next  fipw  years^  Althou^  you 
Ayill  find  it  easier  to  solve  pjoblems  using  this 
sy$tem,  at  first  you  will  find  it  difficult  to 
visualize  or  to  estimate  quantities  in  unfamiliar 
units  of  measure. 

Fortunately,  many  metric  units  can  be 
related  to  equivalent  units  in  the  English  system. 

The   meter  which  is   the   basic  unit  is 
approximately  one-tenth  longer  than  a  yard. 

Tlie  basic  unit  of  volume,,  the  liter,  is 
approximately  one  quart.  The  gram  is  the  wei^t 
of  a  cubic  centimeter,  armilliliter,  of  pure  water 
and  is  the  basic  unit  of  wei^t?  As  a  common 
wei^t  thou^,  the  kilogram,  or  kilo,  which 
equals  the  wei^t  of  a  liter  of  water,  wei^s  2.2 
pounds.  The  cubic  centimeter  (cc)  is  used  where 
we  would  use  the  square  inch,  and  whers  we 
measure  by  the  fluid  ounce,  the  metric  system 
employs  the  milliliter  (ml).  For  power  measure 
the  metric  systern  uses  the  kilowatt  (kW),  which 
is  approximately  1 .3  horsepower. 

In\Jerms  ot  .distance,  a  land  mile  i^'- 
ei^t-fiftlis  of  a  kilcrmeter  and  a  nautical  mile  is''- 
1 .852  kilometers,  of^iieariy  2  kilometers. 

A  basic  metric  e^xpression  of  pressure  is  the 
kilogram  per  square  centimeter,  which  is  .  14. 2 
psi,  nearly.:l  atmosplx^fe  of  pressure. 

Wljen  working  on  "Yoreign  mac|iin&ry,  you" 
may  notice  that  your  half-inch,  fhree-quarter 
inch,  and  one-inch  wrenches  will  fit  many  of  the 
bolts.  Tliese  sizes  correspond  to  13  mm,  19  mm, 
and  26  mm  respectively  in  the  metric  system, 
and  are  very  popular  because  .they  are 
^interchangeable.  The  13/16-inch  spark  plug 
yrench,  which  is  standard  in  this  country,  is 
infeji.ded  to  fit  a  20  mm  nut. 


The  basic  quantities  of  the  me  tric  systcAi  Xit 
multiplied  or  divided  by  powers  of  10  to  give 
other  workable  values.  We  cannot  easily  measure 
machine  parts  in  terms  of  a  meter,  so  the 
millimeter,  or  one-thousandth  of  a  meter  is  used. 
For  very  fine  measure  the  micron  ,  also  called  the 
micrometer,  can  be  used.  It  is  one-millionth  part 
of  a  meter,  or  one-thousfandth  of  a  millimeter. 
For  small  wei^ts  the.milligram,  one-thousandth 
of  a  gram  is  used. 'All  of  these  multiples  are 
expressed  with  standard  prefixes  taken  from 
Latin : 


micro 
milli 
centi 
*deci 
*deca 
*hectOs 
kilo  , 
*myria 
mega 


1/1,000,000 
1/1,000 
1/100 
1/10 

la  . 

100 
1,000 
10,000 
1,000,000 


Rarely^||||^ 


Over  the  next  few  years  the  metric  system 
will  become  more  used  by  the  Navy  as  well  as  by 
the  civilian  world.  You  will  find  it  easy^to  work 
with  once  you  have  mastered  the  basic  terms.  It 
will  be  difficult  to  translate  values  from  our 
present  "system  to  the  metric  system,  but  this 
operation  wfll  become  unnecessary  once  the  j:e^v 
measurements  are  totally  adopted. 

Tables  of  equivalent  English  measure  and 
metric  equivalents  are  essential  when  yoi:  work 
simultaneously  with  both  systems.  The  table 
which  follows  shows  the  equivalent  measures  of 
the  two  systems.  The  columns  on  the  left  have 
the  equivalent  values  which  are  accurate  enougli 
for  most  work,  and  on  the  riglit  are  the 
multiples  used  to  convert  the  values  with  a  high 
degree  of  accuracy**  ^. 
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U.S.  CUSTOMARY  AND  METRIC  SYSTEM 
UNITS  OF  MEASUREMENTS 

THESE  PREFiXkiS  MAY  BE  APPLIED 
TO  ALL  SI  UNITS 


£lilt!^!c:  ni  Sibailli|ilas 

Prtliits       (  - 

Symbols 

1  000  000  000  000 

10 '2 

tera  (ter'a) 

T 

1  000  000  000 

10« 

giga  (ji'ga) 

G 

1  000  000 

106 

mega  (meg 'a) 

M  • 

'      1  000 

lov 

kilo  (kil'o) 

k  • 

100 

102 

hecto  (hek'to) 

h  ' 

10 

10 

de|ca  (dek'a) 

da. 

0.1. 

10-' 

deci  (cjes'j) 

d 

6.01 

10-2 

centi  (sen'ti)  _ 

c  • 

i).001 

10-' 

mint  (miTi) 

m  • 

0.000  001 

10-6 

micro  (mi • kro) 

u  • 

0.000  000  001 

io-» 

nano  (nan'o)- 

n 

0.000  000  000  001 

10-'^ 

pico  (pe'ko) 

P 

000  000  000  000  001 

femto  (fen 'to) 

f 

000  000  000  000  001 

10 -'8 

atto  (at'to) 

a 

•  MOST  COMMONLY  USED 
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ENGLISH  AND  METiRIC  SYSTEM  UNITS  OF  MEASUREMEJIT 
COMMON  EQUIVALENTS  AND  CONVERSIONS 


Ai^roximate  Common  Equivalents 


Conversions  Accurate  to  Parts  Per  Million 
(units  slated  in  abbreviated  form) 


1  inch 
1  foot 
1  yard 
1  mlle^ 

1  square  inch  - 

1  square  foot 

1  square  yard 

1  acre 

1  cuWc  inch 

1  cubic  foot 

1  cubic  yard 

1  quart  (lii.)  « 

1  gallon 

1  ounce  (avdp) 

1  pound  (avdp) 

l;hor6epower 

1  jpound  per  square  inch 


Number  X  Factor 

25  millimeters 

in  X  25.4* 

mm 

0.3  meter 

ft  X  0.3048*  • 

m 

0.9  meter  . 

yd  X  0.9144* 

m 

m 

1.6  kilometers 

mi  X  1.60934 

km 

6.5  square  centimeters 

i!?  X  6.4516* 

trtf 

0.09  squaria  meter 

te  X. 0.0929030 

nfi 

0.8  square  meter 

ycP  X  0,83C>1i7 

nr» 

0.4  hectare. 

acres  X  0.404686 

ha 

16  cubic  oentimeters  ', 

iri>  X  16.3871 

cm* 

0.03  cubic  meter 

ffi  X  0.0283168 

m* 

0.8  cubic  meter 

yiP  X  0.764665 

1  liter 

qt  aq.)  X0.94f363 

I 

0.004  cubic  meter 

gal  X  0.00378541 

i 

m» 

28  grams 

OS  (av4>)  X  28.3496 

g 

0.45  kilogram 

lb  (avdp)  X  0.453592 

kg 

X),75  kilowatt 

hp  X  0.745700 

kW 

0.07  kilogram  per  square 

psi  X  0.0703224 

m 

kg/cra? 

centimeter 


1  millimeter 

a  0.04  inch 

1  meter 

»  3.3  feet 

1  meter 

«  1.1  yards 

1  kilometer 

=  0.6  mile 

1  square  centimeter 

"0.16  square  Inch  • 

K  1  square  metpr 

«  11  square  feet 

1  square' meter 

°;  1.3  square  yards 

1  hectare 

«  2.5  acres 

_  .1  cubic  centimeter 

«  0.06  cubic  inch 

1  cubic  meter 

«  35  cubic  feet 

:  i  cubic  meter 

=  1,3  cubic  yards 

1  liter 

«  1  quart  (iq.) 

1  cubic  meter 

»  260  gallons 

1  gram 
1  kilogram 

«  0.035  ounces  (aVKh>) 
°  2.2  pounds  (avdp)  ) 

1  kilowatt 

=  1.3  horsepower 

1  kilogram  per  square 

=  14.2  pounds  per  square 

centimetei 

Inch 

mm  X  0.0393701 
m  X  3.28084 
m  X  1.09361 
km  X  0.621371 
cnr>  X  0.155000 
ra?  X  10.7639 
rrf  X  1.19599 
ha  X  2.47105 
citr^X  0.0610287  ^ 
m»  X  36.3147 
nr^  X  J.30795 
1  X  1.05669 
m^  X  264.172 
g  X  0.0352740 
kg  X  2.20462 
kW  X  1.34102 
kg/cnt^  X  14.223226 


in 
It 

yd 

mi 

ilT» 

yf 

acres 
in? 
ft? 
ytf» 

qt(iq.) 

gal  ,  

oz  (avdp) 
'  lb  (avdp) 
hp 
psi 


'^nautical  mile  »  1.852  kilometers 


exact 
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GLOSSARY 


ABATEMENT.  The  act  of  reducing  in  degree 
or  intensity. 

ACCELERATOR.  A^pedal  for  regulating  the 
speed  of  an  engine.  ^ 

ACCELERATOR  PUMP,  A  small  pump  in 
the  carburetor,  operated  by  accelerator  linkage, 
which  supplies  additional  fuel  when  needed  for  . 
acceleration  of  the  velucle. 

^ACRID,  Sharp  and  harsh,  or  unpleasantly 
pungent  in  taste  or  odor. 

■    \       .  .        ■•  r 

ACRYLIC,  A  surface  finish,  made  from 
synthetic  polymers,  which  dries  by  solvent 
evaporation.  . 

ADVANCEMENT.  The  action  of  being 
promoted  to  the  next  highest  position  in  the 
chain  of  command.        .  __ 

ALIPHATIC.  NAPHTHA,  A  mixture  of 
organic  compounds  and  .petroleum  hydrocarbon 
mixtures, 

AMPERE.  Unit  oV  meas^urement  6f  the  flow 
of  electric  current.  .  j 

*   ,.ANNULUS,  An  iriternal  ring  gear  in  thej 
planetary    gear    system    tiiai    operates  in 
conjunction  mth  a  sun  gear,  pinion  gears,  and 
.pinion  carrier, 

ANODIZE,  To  subject  metal  to  electrolytic 
action,  as  the  anode  of  a  cell,  in  order  to  coat  it 
with  a  protective  film.  ^  / 


ANTIFRICTION  BEARING.  A  bearing 
constructed  with  balls  or  rollers  between  the 
journal  and  bearing  surfaces  to  provide  a  rolling 
action  instead  of  sliding  friction. 

^  ANTIKNOCK.  That  property  which  opposes 
knocking  in  engine  fuels. 

■  \ 

ARBOR.  A  shaft  for  holduig.  or  mounting 
materia!  for  machine  operations, 

.  /  ■  -  ■        -  .  ■ 

X  ATOMIZE.  To  reduce  a  liquid  to  minute 
particles  or  to  a  fine  spray. 

ATMOSPHERIC  PRESSURE.  The  pressure 
of  the  atmosphere,  .or  air,  due  to  its  weight 
prwsing  downward.  A^rage  is  14.7  psi  at  sea 
level. 

AXLE.  A  crossbar  supportbg  &  vehicle  on 
which  one  or  more  wheels  turn. 

AXLE  RATIO.  The  ratio  between  the 
propeller  shaft  and  rear-wheel  rpm;  gear 
reduction  in  the  differential.     ^  . 


BACKFIRING.  The  pre-explosion  of  an 
air-fuel'mixture  so  th^^^the  explosion  passes  the 
still-open  intake  valve  and^  flashes  back  through 
the  intake  mariifoW.lL-, 

BACKLASH,.  The    clearance  between 
.  meshing  teeth  of  two  gears,  which  will  perntit 
,  backward  rotation  of  the  driven  gear  in  the 
opposite  direction  to'the  driving  rotation. 

BACk^.  PRESSURE.  A  resistance  to  free 
'  flow,  such  asa  restriction  in  the  exhaust  system. 
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 '  ^  ^^^^  "~" 

BAFFLE.  An  obstruction  for  checking  or 

deflecting,  the  flow  of  gases  ;  or  sound  in^^  a^ 

confined  area. 

'  BDC.   Bottom   dead   center.  The  piston 
position  when  the  piston  has  nioved  to  tTae 
bottom  of  the  cylinder  and  the  center  line  of  the^ 
•connecting  rod  is  parallel  to  the  cylinder  walls. 

BRAKE  HORSEPOWER.  The  power 
delivered!  by  the  engine  which  is  available  for 
driving  the  vehicle.  .  • 

BRITISH  THERMAL  UNIT.  Quantity  of 
heat  required  to  raise  the-  temperature  of  one 
pound  of  water  one  degree  F. 

BURR.  A  featlreredge  of  metal  left  on  a  part 
being  cut  with  a. cutting  tool. 


CALIPER.  A  measuring  tool .  tjiat  can 
measure  the  tliickness  of  a  .block,  the  diameter 
of  a  shaft,  or  the  bore  of  a  hold  (inside  caliper). 
'  " '  '  / 

CAMSHAFT.  The  shaft  in  an  engine  that  has 
a  series  of  cams  for  operating  the  valve 
mechanisms.  It.is  driven  by  gears  or  sprockets 
and  chains  from  the  crankshaft.  * 

CARBON.  A  ^bstancc  deposited  on  engine 
parts  by  the  combustion  of  fuel.  Carbon  forms 
on  pistons,  rings,  valves,  etc..  inliibiting  their 
action,    .      ^  • 

CARBON  DIOXIDE.  A  gas  resulting  frpm 
the  burning  of  fuel.  Comprg^sed  into  solid  form, 
-this  material  is  '*dry  ice  and  remains  at  a 
temperature  of  -109  degrees  ^F.  It  can  change 
from  a  solid  to  a  vapor  and  can  be  used  as  a 
refrigerant.  ^ 
■■  ^ 

CARBON  MONOXIDE.  A  poisonous  gas 
prod.uced  by  an  operating  gasoline  engine.  It  is 
colorless,  odorless,  and  can  be  fatal. 


.  CELSIUS..  A  scale  of  temperature 
meas*urement  on  which,  under  standard 
atmospheric  pressure^  watet  freezes  at  0  degrees 
arTd^ils  at  100  degrees. 

CHASSIS.  The  assembly  of  mechanisms  that 
make  up  the  major  operating  part  of  the  vehicle: 

CHOKE.  In  the  carburetor,  a  device  that 
chokes  off  tfe^^r  ^ow  through' the  air  horn, 
thus  producing  a  partiak^goium  ir  the  air  horn 
for  greater  fuel  delivery  -and^-a-richer  fuel-air 
mixture.  -  - 

CLUTCH.  The  mechanism  in  the  po^wer  train 
of  a  vehicle  that  connects  the  engine  crankshaft 
to,  or  disconnects  it  from,  the  transmission  and 
thus  the  remainder  of  the  power  traiji. 

-/ 

COHESION.  A  uni6ii  between  similar  parts, 
or  the  process  of  sticking  together  tiglitly. 

'COMBUSTION.  The.  rapid,  burning  of  the 
air-fuel  mixture  in  the  cylinder. 

■  ♦     .  ' 

COMPRESiSION.  Denotes  an  increase  of 
pressure* on  a  fluid  or.  spring  by  the  use  of 
■  mechanical  energy. 

COMPRESSOR.    Energy-dHven  '  uni*  that^ 
circulates  aYid  pressurizes  the  refrigerant  in  an 
airrconditioner  unit,  or  compresses  air  for  "  an 
air-brake  system.  ^  i 

^CONDENSER.'  The^  device  /in^an  air 
conditioner  to  which  vaporized  ^  refrigerant  at 
'high  pressure  is  delivered.^ As  it  passes  through 
tho  condenser,/  it-  remoyes  heat  from  the 
surrounding  air;  Also  an  electrical  device  that 
stores  electrical  (Cnergy.  * 


:t/c 


CONDUCTOR.  A  material  along  or  through 
which  electricity  will  flow  with  slight  resistance 
to  transport  ^he  electrical  ^/low  from  one  place 
fo  another. 


CARBURETOR.  A  device  in  a  fuel  system  COULOMB.   The   quantity  of  electricity 

that  mixes  air  and  gasoline  in  proper  proportions       transferred  \yy  an  electric  cu^r^^nt  of  one  ampere 


to  produce  a  combustible  gas. 


in  one  second. 
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\  COUNTERSHAFT.  In  the  transmission,  a 
shaft  with  gears  that  turns  counter  to  the  clutch 
shaft  and  is  used  to  produce  reverse  motion.' 

CRANKSHAFT.  The  ^nain  shaft,  of  the 
engine  with  piston  rods  attached  that  changes 
reciprocating  motion  into  rotafy  action^  ^ 

■ft 

CROSS  FIRING.  The  jumping  of  a 
high-voltage  surge  in  the  ignition  secondary  to 
the  wrong  high-tension  lead  so  that  the  v^Tong 
spark  plug  fir^s.  Usually  caused  by  faulty 
insulation  or  a  defective  '^istfibutor  cap  or  rotor. 

CURRENT.  The  flow  oT  electricity. 

,  .CYLINDER.^  A  tubular  structure,  in  the 
engine  in  which  "the  piston  moves  up  and  down. 


DEHUMIDIFICATION.  To  remove  moisture 
from  the  air  in  air-conditioned  spaces.  , 
••     '     '  S 

DESICCANTS.  A  substance  used  to  collect 
and  hold  moisture  in  a  refrigerating  system.  A 
dry  agent  use'd "  in  other  systems  to  rejnove 
moisture. 

DETONATION.   The   engine   sound  that 

*  indicates  a  too  rapid  ^burning  of  the  fuel-air 

♦mixture  in  the  cylinders.         .  ' 
*  i 

<    DIESEL  CYCLE.  An  .engine  cycle  of  events 
\m  which  air  alone  is  compressed  and^the  fuel' is 
injected  near  the  end  of  the  compression  stroke. 

D  ICHLORdDIFLUROMETHANE.  A 
refrigerant  commi^nly  known  as  1^-12.  Chemical 
formula  Is  CCL2F2^  Boiling  point  at 
atmospheric  pressure  is -21.62  F.  v  ' 

DIRECTIVES.  An  authoritative  instrument 
issued  by  a  high-levci  official  body  or  conipeteiit 
official  that  serves  to  direct,  guide,  anW  usually 

*  impel  toward  an  action,  attainment^  or  goal. 

DYN/JMOMETl^R.  A  device  for  measurifig 
the  power  proda^ud  by  an  internal  co.mbustion 
engine. 


ELECTRODE.  Refers  to. the  insulated  center 
rod  and  rod  attached  to  the  shell  of  the  spark 
plug.  Also  a  welding  rod. 

EMULSION.  A  milk-Uke  viscuous  mixture  of 
-two  Uquids.  *  . 

END-  PLAV.  The  amount  of  end  play 
movement  of  tTie  crankshaft. 

ENERGY.  Ihe  ability  or  capacity  to  do 

EVAPORATOR  COIL.  A  device  made  of  a 
coil  of  tubing  which  functions  as  a  refrigerant 
evaporator,  '  •  ^ 

EXPANSION  VALVE.  A  valve  betW&en^the. 
condenser  and  the  evaporator  and  located  at  the 
evaporator.  It  provides  a  pressure  differential; 
the  high  pressure,  on  the  condenser  sicle  is 
reduced  to  low  pressure  on  the  ^evaporator  side. 

FOUR-sf]taKE    CYCLE.    Ihe  four 
operations  of  Tptake^  compression,  power,  and. 
exhaust   piston   strokes   that   make.. .'up  the- 
t complete  cycle  of  eventSiin  the  four-stroke  cycle' 
engine.  j 

FREEZE  PLUG.  A  disc  or  cUp-shaped  metal 
"device  inserted  in  a  hole  in  a  casting.  Used  in  the 
engine  block  to  prevent  the  coolant  From 
freezing  and  cracking  the  block.  Also  known  as 
an  expansion  plug. .  '      '   , . '  ' 

FUSIBLE  PLUG.  A  plug  or  fitting  made 
wlth'^a   metal   of   a    known*  low  melting 
temperature;  used  as  a  safety  device  to /release, 
pressures  in  case  of  fire.  . 


GAS.  Vapor  phase  or  state  of  a  substance. 

-  GASKET.  A  cutout  or  perforated  sheet  of 
m'etal,  ^ork,  or  other  material  designed  to 
prgvide  a  tigjit  seal  between  two  assembled  parts 
of  an  engine,  transmission,  or  differential. 

/  .  GEAR  RATIO.  The  rektive  speeds  at  which 
two  gears  or  shafts  turn;  the  proportional  rate  of 
rotation.  * 
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GEARS.  Mechanical  devices  to  transmit 
power  or  turning  effort  from  one  ihaft  to 
another;  gears  contain  teeth  that  interlace  or 
mesh  as  the  gears  turn. 

GOVERNOR.  A  device  to  control  ^nd 
regulate ^peed.  May  be  mechanical,  hydraulic,  or, 
electrical. 


LIQUID  RECEIVER.  A  cylinder  connected 
to  a  condenser  outlet  for  the  storage  of  a  liquid 
in  a  system. 


LOUVER.  Openings  or  vents  in  the  hood  or 
body;  used  for  ventilation. 

LOW  SIDE  PRESSURE.  Pressure  in  the 
cooling  side  of  an  air-conditioner  cycle. 


HARMONIC  BALANCER.  A  device 
designed  to  reduce  torsional  or  twisting 
vibration  which  occurs  along  the  length  of  the 
pranksliaft  and  is  used  in  multiple  cylinder 
engines. 

HORSEPOWER.  A  measure  of  a  definite 
amount  of  power;  33,000  ft-lb  of  work  per 
minute. 

HYDRAULIC  VALVE  LIFTER.  A  valve 
lifter  that,  by  means  of  hydraulic  oil  pressure, 
maintains  zero  valve  clearance  so  that  valve  noise 
is  reduced. 

11 Y  D  R  O  Nf  ETE  R.  An  i  nstrument  for 
determining  the  state  of  charge  in  a  battery  by 
measuring  the  specific  gravity  of  the  electrolyte. 


IGNITION.  A  means  to  ignite  fuel  to 
develop  power  in  the  cylinder  of  an  engine. 

INHIBITOR.  A  material  to  restrain  or  hinder 
some  unwanted  action. 

INJliCTOR.  A.pumjvtype  action  that  injects 
or  inserts  fuel  iigainst  pressure  into  a  cylinder  or 
chamber,  usually  of  a  diesel  engine. 


KNOCK.  A  nipping  or  liannnering  noise  in 
an  engine  resulting  from  an  excessively  rapid 
burning  of  the  com  j)ressed  fuel.  ^ 


LAI^PING.  The  process  of  fitting  one  surface 
to  nnofFier  by  rubbing  them  together  with  an 
abrasive  between  the  two  surfaces.  Used  in 
fitting  valves  to  valve  seats. 


MAINTENANCE.  The  art  of  keeping  ground 
support  equi;iment  in  a  ready  condition  or  of 
correcting  malfunctlSns  in  equipment.  ^ 

MICROMETER.  A  measuring  device  tha't 
accurately  measures  such  dimensions  as  shaft  t)T 
bore  diameter  or  thickness  of  an  object  . 

MONOCHLORODIFLUOROMETHANE.  A 
refrigerant  better  known  as  R-22;  chemical 
formula  is  CHCIF2.  ^ 


NEEDLE  BEARING.  An  antifriction  beqring 
which  uses  a  great  numbei  of  rollers  of  small 
diameter  in  relation  to  their  length. 

NEUTRON.  That  portion  of  an  atom  which 
carries  no  electrical  charge. 


OCTANE.   A  measure  of  the  anti-knock 

prpperty  of  gasoline.  The  Iiigher  the  octane 

rating,  the  more  resistant  the  gasoline  is  to 
blocking. 


PISTON.  The  cylindrical  part  that  moves  up 
and  down  in  the  cylinder  of  an  engine. 


PISTON  SKIRT.  The  lower  part  of  the 
piston.  ■ 

PISTON  SLAP.  The  hollow,  bell-like  sound 
made  by  an  excessively  loose  piston  slapping 
against  the  cylinder  walls. 

PITMAN  ARM.  The  part  of  the  steering  gear 
that  is  linked  to  tlie  steering  ^  nuckle  arms  of  the 
wheels  and  sv  ings  back  and  forth  for  steering. 
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POWER  steering:.  A  hydraulic  cylinder 
on  the  steering  system  of  a  vehicle  that 
multiplies  the  driver's  effort  as  he  turns  the 
^steering /wheel  so  that  the  physical  effort  is 
reduced 

POWER  STROKE.  The  piston  stroke  from 
TDC  to  BEiC,  during  which  the  air-fuel  mixture 
burns  and  forces  the  piston  down  so  that  the 
engine  produces  powerji 

PSI.  Pounds  per  square  inch;  a  measure  of 
pressure. 


RATIO.  The  relation  or  proportion  that  one 
number  bears  to  another. 


TDC.  Opposfte  of  BDC;  a  piston  at  the  top 
of  its  travel.      /  .  ' 

TETRAETHYLjuiiAD.  A  chemical  put  into 
engine  fuel  which  increases  octane  rating  or 
reduces  knock  tendency.  . 

THERMAL  EXPANSION  VALVE.  A 
control  valve  operated  by  temperature  and 
pressure  wit/ia  the  "evaporator  coil  which 
controls  the  flow  of  refrigerant. 

THERMOCOUPLE.  A  .device  which 
generates  its  own  electricity/ by  using  two 
dissimilar  metals  that  are  weWed  together  and 
when  the  junction  is  heated  a  voltage  is 
generated. 


RECIPROCATING.  A  back  and  forth, 
movement. 

REFRIGERANT.  lA  substance  used  in  ?a\ 
air-conditioning  systeni  which  absorbs  «nd  v  s 
up  heat  as  it  changes  from  a  liquid  to  a  gas  <o  a 
liquid. 

RING  GAP.  The  gap  between  the  ends  of 
the  piston  ring  with  the  ring  in  place  on  the 
piston.  .  ! 

RPM.  Revolutions  per  minute-usually  refers 
to  the  speed  of  the  driveshaft. 


SAFETY.  Tlie  act  of  being  safe  from 
undergoing  or  causing  |iurt,  injury,  or  loss. 

{  SHIM.  A  strip  of  copper  or  similar  material 
used  under  a  bearing  cap;  for.  example,  to\ 
increase  bearing  clearance. 

/  SHOCK  ABSORBER.  A  device  that 
hydraulically  or  by  springs  checks  the  rapid  or 
,e*xcessive  movement  between  two  parts. 

'  SOLENOID.  An  electromagnet  with  a 
movrble  core,  that  acts  as  a  valve  or  relay. 

STROBOSCOPE.  Aniclectrical  testing  device 
used  in  checking  ignition  system  components. 


THERMOSTAT.  A  device  that  is  operated*' 
by  temperature  changes  to  control  the  flow  of 
coolant  through  an  engine. 

THROW  OUT  BEARING.  The  bearing  in  the 
clutch  that  can  be  moved  into  the  release  levers 
by  the  clutch-pedal  action  so  as  to  cau.^^e  a 
disconnection  between  the  engine  crankshaft 
and  power  train. 

TIE  RODS.  The  rods  in  the  steering  system 
that  link  the  pitman  arm  to  the  steering  knuckle 
arms. 

TORQUE.  Jurriing  or  twisting  effort 
measured  in  pourid-feet  or  foot-pounds. 

TRANSMISSION.  Ihe  device  in  the  power 
train  that  provides  different  gear  ratios  between 
tlie  engine  and  rear  wheels,  in  drive  as  well  as  in 
reverse.  , 

TURBINE.  A  series  of  blades  on  a  wheel 
'situated  at  an  angle  to  the  shaft  against  wliich 
fluids  or  gases  are  impelled  to  impart  rotary 
\motion  to  the  shaft. 

\  TURBULENCE.  The  state  of  being  violently 
disturbed.  In  an  engine,"  the  rapid  swirling 
motion  imparted  to  the  air-fuel  mixture  entering 
the  cylinders. 

\ 
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NnvO-STROKE  CYCLE.  The  series  of  events 
taking  place  in  an  engine  where  intake, 
compression,  power,  z  exhaust  take  place  in 
two  piston  strokes; 


VACUUM.  The  absence  of  air  or  other 
substjance. 

VALVE.  A  device  that  can  be  opened  or 
closed  to  allow  or  stop  the  flow  of  a  liquid,  gas, 
or  vapor  from  one  place  to  another,  or  change 
its  direction, 

VENTURI.  A  tube  having  a  constriction  in 
the  section  forming  the  throat.  As  the  velocity 
of.  flow  of  a  fluid  increases  in  the  throat,  the 
pressure  decreases.  It  is  used  to  meter  the  flow 


of  gasoline  in  a  carburetor.  The  amount  of  air 
flowing  through  the  venturi  determines  the 
correct  amount  of  fuel  in  the  fuel-air  mixture 
entering  the  cylinders. 

VISCOSITY.  The  term  used  to  describe  a 
liquid's  resistance  to  flow.  A  tliiclc  Oil  has  greater 
viscosity  than  a  thin  oil. 

VOLATILITY.  A  measurement  of  the  ease 
with  which  a  liquid  vaporizes. 

A  ' 

VORTEX.  A  whirling  movement  of  a  mass 
of  liquid  or  air. 

WOODRUFF  KEY.  A  device  used  to  align 
and  hold  a  flywheel,  pulley,  or.  other  rotating 
mechanism  on  a  shaft;  often  half  moon  in  shape. 
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A 

Acoustics,  106-108 

Advancement,  5-14 

examination  proceduresj  12 
preparing  for  advancement,  5-11 
profile  analysis  form,  12-14 
qualifying  for  advancement,  1 1 
subject-matter  section  identification  sheet, 

12  ' 
who  will  be  advanced,  11 

Aeronautic  publications  index,  naval,  121-140 

Air  conditioners,  368-408 
terminology,  368 

Air  conditioners  and  preheaters,  72-74 

Air  cooled  engines,  171 

Air  induction  and  exhaust  systeiTis.  240-2'!  2 

Air  pollution,. 428-432 

classes  of  pollution,  428-430 
controlling  pollution,  430-432 

Aiicraft  spotting  dolly,  84 

Alignment  and  steering  maintenance,  269-271 

Appendix  I,  The  Metric  System,  437-440 

Appendix  II,  Glossary,  441-446 

Automatic  transmissions,  297-301 

Automotive  electrical  system,  220 
ligliting  system,  220 
safety,  221' 

Aviation  support  equipment,  6 1  -88 

Aviation  Support  Equipment  Technician  (AS) 
rating,  2-5 

Aviation  Support  Equipment  Technician  M 
rating,  1-15*^ 

B 

.  Basic  engine-strokes,  1 52-1 55 
compression  stroke,  155 
exhaust  stroke,  155 


Basic  engine  strokes^  Continued 
intake  stroke,  1 55 
power  stroke,  155  ' 

Battery  ignition^ystem,  205-209    "  ■ 

Block  and  tackle,  59 

Blocks,  157 

Bolts,  325-328 

O 

Carts,  tmilers,  and  dollies,  83-86 
Chain  hoist,  58  . 
Channel-lock  pliers,  34 
Chassis  systems,  264-280 
Chocks,  68 

Qutch  assemblies,  281-287 
clutch  facings,  282 
clutch  lubrication,  287 
clutch  pedal  adjustment,  283 
clutch  troubleshooting,  284-287 
types  of  clutches,  283 

Combustion  chamber  design,  249 
Combustion  engines,  reciprocating,  150-201 
^Co^Tiposition  of  matter,  90-95 

compounds  and  mixtures,  91 

element,  91 

states  of  matter,  91-95 
Compressors,  gas  turbine,  341-367 
Connecting  rods,  1 59 
Constant  mesh  transmission,  290-292 
Conventional  differential,  313 
Cooling  system,  diesel,  260 
Cooling  system,  gasoline,  1 70-1 81 

air  cooled  engines,  171 

liquid  cooling  system,  171-181 
Corrosion  control,  413-427 

causes  of  corrosion,  414-416 

corrosion  types  and  recognition,  416 
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Corrosion  control,  Continued 

prevention,  41 7-424 

removal,  424-427 
Corrosion-preventive  petroleum,  410 
Crankcase  ventilation,  1 83-1  85 
Crankshafts,  160-162 
Cycles,  engine,  155-157 
Cylinders,  158 


D 

De preservation,  41 2 
Diesel  engines,  247-263 

advantages  and  disadvantages  of  the  diesel, 
247-249 

combustion  chamber  design,  249 

principles  of  operation,  247 
Diesel  fuels,  333-335 
Differentials,  3 12-3 16 

conventional  differential,  313 

maintenance,  315 

nOspin'^ifferential,  314 
Dollies,  carts,  and  trailers,  83-86 
Drawings,  142;J49 

charts  anoHables,  147-149 

drawingsanii  diagrams,  142-147 
Drive  axle  assemblies,  316 
Duckbill  pliers,  34 


E 

Educational  services  officer,  15 
Electrical  system,  automotive,  220 
Electricity,  116-119 

electric  current  and  conductors,  1 18 
electrical  measuring  instruments,  1 19 
voltage  produced  by  magnetism,  1 17 

Engine  cycles,  155-157 

four-cycle  vs  two-cycle  engines,  1 56 

two-cycle  engine,  155 
Engine  strokes,  basic,  152-155 
'Engine  testing  equipment,  37r42 
Engines,  multiple-cylinder,  1  57 
Engines,  reciprocating  combustion,  150-201 
Engines,  reciprocating  gasoline,  202-246 
Enlisted  rating  structure,  1 
Environmental  pollution  control,  428-436 
Exhaust  systems  and  air  induction,  240-242 


F  . 

Flashlight,  36 
Fluid  couplings,  301 
Fluids,  hydraulic,  337 
Flywheels  and  timing  gears,  162-166 
Force,  mass,  and  motion,  95 
Forklift  truck,  72  .  - 
Four-speed  transmission,  288-290 
Front  end  geometry,  267-269 
Fuel  system,  diesel,  250-257 

air  intake  system  256 

fuel  filters,  255 

fuel  injection  and  combustion,  251-255 
Juel  supply' pump,  250 
Fuel  system,  gasoline,  222-240  . 

carburetor,  228-240 

filter,  225 

pump,  226-228 

storage,  223-225 
Fuels,  329-335' 

diesel,  333-335 

gasoline,  329-333 

Gas  turbine  compressors,  341-367 

configuration  of,  343  :t>-* 

description  and  purpose,  341-343 

electrical  system,  353-357 

functional  systems,  349-352 

lubrication  system,  352 

major  components,  347 

operational  fundamentals,  344-347 

operational  safety  precautions,  348 

system  operation,  357-367 

types  of,  343 
Gas  turbine  power  servicing  equipment,  74-78 

weapons  loader,  77 
Gaskets,  324 

Gasoline  engines,  reciprocating,  202-246 
Gasoline  fuels,  329-333  : 
General  safety  around. support  equipment,  87 
Glossary,  Appendix  II,  441-446 
Governors,  189-193 

causes  of  excessive  speed,  192 
-  control  of  engine  speed  and  power,  1 89 
danger  of  excessive  speed,  192 
Covernors  as  safety  devices,  193 
overspeed  safety  devices,  193 
relation  of  governor  to  fuel  system,  190 
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Governors,  Cbntinued 

speed-regulating  governors  for  diesel 
engine,  190 

spring-loaded  centrifugal  governors,  191 

stopping  fuel  supply,  1 93 
Ground  support  equipment,  types  of,  61-72 

chocks,  68  , 

gasoline,  electric,  and  diesel  powered 

servicing  equipment,  62-67 
mobile  cranes,  68-70 
mobile  electrical  power  plants,  70 
motor  generator  assemblies,;  71 
tiedowns,  68 
tow  bars,  67 

H 

Hammers,  33 

Handling  petroleum  products,  337-340 
.  contamination,  339 

safety,  337 

storage,  338 
Handtools,  17-23 

cutting  tools,  17 

toolbox,  17 

turning  tools,  1 8-23 
Hardware,  318-329 

bolts,  325-328  . 

gaskets»324 

miscellaneous  hardware,  328 

seals,  318-324 
Heat,  108-116 

change  of  state,  115  ^ 

measurement  of  heat,  110 

nature  of  heat,  108    ^  ^ 

temperature,  111-115 

transfer,  108-110 
Hoists  and  slings,  86 
Holding  tools,  34  . 

care  of  tools,  36 

channel-lock  pliers,  34 

duckbill  pliers,  34 

flashlight,  36 

inspection  mirror,  36 

mechanical  fingers,  35 
Miscellaneous  tools,  35-37 

needle-nose  pliers,  34 

steel  scale,  35 

vise  grip  pliers,  34 
Honing  machine,  81-83 
Hydraulic  fluids,  337 


Hydraulic  test  stands,  80 

Hydraulic  valve  lifter  service,  168-170 

Hydraulics  and  pneumatics,  119 


I 

Ignition  systems,  204-220 

battery  ignition  system,  205-209 
ignition  system  maintenance,  210-219 
magneto  ignition  system,  209 
transistor  ignition  system,  209 
waterproof  ignition  systems,  219 

Information  sources,  1 4 

educational  services  officer,  1 5 

training  films,  14 

training  petty  officer,  15 
Injector  nozzle  tester,  46 
Inspection>mirror,  36 
Inspections,  193-199 

inspection  of  metals,  194-199 
Inspections,  gasoline  engine,  246 
_  Inspections,  diesel  engine,  263 

J 

jacks,  57  . 

L 

Lifting  devices,  57-59 

block  and  tackle,  59 

chain  hoists  58 

jacks,  57 
Lighting  system,  220 
Lidjuid  cooling  system,  171-181 
*    Lubricants,  335-337 
•  greases,  336 

oils,  335  .  ' 

Lubricating  equipment,  47-50 
Lubricating  system,  181-189 

a  ankcase  ventilation,  183-185 

oil  circulatio  n..  \  63  181 

oil  filters  and  strainers,  182 

oil  gage,  182 

oil  pump,  181 

oii  temperature  regulator,  )S5 
service  and  miantenancf  of  lubrication 
systen>\  187-189 
Lubi  nation  .y.n.  m,  dii^xrl,  259 
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M  • 

MB-5  aircraft  fire-fighting  and  rescue  truck,  79 
Magneto  ignition  system,  209 
Maintenance,  ignition  system,  210-219 
Malfunctions,  193 

Malfunctions,  diesel  engine,  260-263 
danger  of  excessive  speed,  26 1 
governors  as  safety  devices,  262  . 
overspeed  safety  devices,  262 
<       stopping  fuel  supply,  262 
Malfunctions  of  gasoline  engines,  244 
Matter  composition,  90-95 
Mechanical  fingers,  35 
M.echanical  support  equipment,  86 
hoists  and  slings,  86. 
'.\workstands,  86 
Mechanics,  95-100 

force,  mass,  and  motion,  95 
masses  in  motion,  96 
revolving  bodies,  98-1 00 
work,  power,  and  energy,  96-98 
Metric  system.  Appendix  I,  437-440 
Miars,  140-142 
Micrometer,  27-33 

care  of  micrometers,  3? 

measuring  a  flat  Jurfatt,  32 

measuring  hole  dianiocts  with  an  inside 

micrometer  caliper,  3 1 
meaSurit^  round  stock,  3 1 
reading  a  micromt^^t  caliper,  28-30 
reading  s  ven{iern:iu;rometer  caliper,  30 
sc^cctuii^-'the  proper  iriicrometer,  27 
types,  27  v  | 

Mobile  air  conditioner  (NR^rSC),  383-389 
Mobile  air  conditioner  G^R-lO),  3S9-408 
Mobile  cranes,  68-70  : 
Mobile  electrical  power  plants,  70 
Motor  generator  assemblies,  71 
Multiple-cylinder  engines,  1 57 

N 

NR-5C  mobile  air  conditioner,  383-389 
NR-IO  mobile  air  conditioner,  389-408 
Naval  aeronautic  publications  index,  1 21-140 
letter-type  directives,  136-138 
manual-type  publications,  129-136 
mech,  140  . 
miscellancpus  aviation  publications, 
138-140 


Naval  aeronautic  publications  index.  Continued 
procurement  of  publications,  128 
publications  numbering  system,  126-128 
security  of  classified  publications,  128 

Needle-nose  pliers,  34 

No-spin  differential,  314 

')  •  .  .     .  • 

O 

Oil  circulation,  185-187 

Oil  filters  and  strainers,  182  ■ 

Oil  gage,  182 

Oil  pans  and  covers,  1 70 

Oil  pollutants,  434     .  o 

Oil  pump,  181 

Oil  temperature  regulator,,  185 
Organic  waste,  432-434 

< 

P 

P-36  airfield  maintenance  truck,  78-80 
Performance  of  gasoline  engines,  242-244 
Petroleum  products  handling,  337-340 
Physics,  89-119 

basic  concepts,  89 

measurement,  89 
Pist^vns,  158 

Planetary  gears,  305-309 

Pncumat^wS  and  hydraulics,  119 

Pollution  control,  environmental,  428-436 

Pollution,  water,  432-436 

Portable  air  compressors,  83 

Power  tools,  57 

Power  trains,  2P I  -317 

Power  steeling,  267 

Preheaters  and  air  conditioners,  72-74 

air  conditioners,  73 

preheaters,  73 
Presenotioh,  409-427 

cqrrosion-preyentive  petroleum,  -[■'■  C 

dcpreservation,  412 

general  handling,  411 

methods,  409 

prckaging  and  barrier  materials,  41 1 
painting,  412 

solventjcutback  compound,  410 
Preser  'ation/depreservation  trailer.  b5 
Presses,  50  | 
Itocurement  of  tools,  16 

custody,  16 

inventojry,  16 


INDEX 


Profile  analysis  form,  12-14  .  ' 
Propeller  shaft  assemblies,  311 
Publications,  120 

Publications,  miars,  and  drawings,  120-149 
PuUere,  51-57 

R 

Rating  structure,  enlisted,  1 
Reciprocating  combustion  engines,  150-201 
Reciprocating  gasoline  engines,  202-246 
Reflection,  101-103 
Refraction,  103 
Refrigerants,  369 
Refrigeration  cycle^  370-383 
,     accessory  components,  378-381 

controls^  381-383 

major  components,  372-378 
Rods,  connecting,  159 

S 

A.. 

Safety,  200 

Safety  around  support  equipment,  general,  87 
Seals,  318-324 

Shaft  assemblibs,  propeller,  311 
Shock  absorberSj  272 
Shop  practice  and  safety,  59 
safety,  59 

working  with  tools,  59 
Slings  and  hoists,  86 
Solveht  cu^tback  compound,  410 
Sound,  103-108 

acoustics,  106-108 

basic  considerations,  103-106 
Special  tools,  37-57 

engine  testing  equipment,  37-42 

injector  nozzle  tester,  46 
*    lubricating  equipment,  47-50 

power  tools,  57 

presses,  50 

pullers,  51-57 

shop  air  compressor,  47 

spark  plug  cleaner  and  tester,  46 

specifications,  57 

valve  repair  equiproent,  42-46 
Spi^ngs,  272 

Standard  transmission,  288 
Starting  systems,  diesel  257-259 
Starting  system,  gasoline,  202-204 
Steam  cleaners,  81 


Steel  scale,  35 

Steering  and  alignment  maintenance,  269-271 
Steering  components,  264-267 

power  steering,  267  ' 
Storage  battery,  202 
Striking  tools,  33,  i^, 

hammers,  33  * 
Strokes,  basic  engine,  152-155 
Support  equipment,  aviation, 
Support  equipment,  rnechanical,  86 
Support  equipment  technician  M  rating, 

aviation,  1-J5  ' 
Suspension  systems,  271 
Synchromesh  transmission,  292 

T 

Tiedowns,  68 

Timing  gears  and  flywheels,  162-166 

reconditioning  yalves  and  valve  seats,  163 

valve  guide  service,  164-166 
.     Tools,  17-57 

hand,  17-23 

holding,  34 
.    miscellaneous,  35-37 

special,  37-57 

striking,  33 

torque,  23-27 
Tools  and  lifting  devices,  16-60 
Torque  converter,  302-305 
Torque  tools,  23-27 
Tow  bars,  67 

Trailers,  dollies,  and  carts,  83-86 
aircraft  spotting  dolly,  84 
cartsi  84 

preservation/depreservation  trailer,  85 

unpowered  dollies,  84 
Training  films,  14 
Trains,  power,  281-317 
Transistor  ignition  system,  209 
Transmissions,  287-31 1 

automatic  transmission  control  system, 
309-311 

automatic  transmissions,  297-301  " 
constant  mesh  transmissions,  290-292 
fluid  couplings,  301 
four-speed  transmission,  288-290 
maintenance  and  repair,  311 
planetary  gears,  305-309 
standard  transmission,  288 
synchromesh  transmission,  292 
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Transmissions,  Continued 

torque  converter^3X)2-305 

transfer  cases,  296\ 

transmission  overhauV^295 

transmission  troubleshooting,  293-295 
Troubleshooting  techniques,  1S>9 
Truck,  forklift,  72 
Tuneup,  gasoline  engine,  245 
Tu^ine  compressors,  gas,  341-367 

.  U 

Unpowered  dollies,  84 

I.        y  ^ 

Valve  guide  service,  1 64-1 66 
Valve  operating  mechanism,  166-170 
adjusting  overhaul  valves,  167 
adjusting  valves  in  block,  167  • 
hydraulic  valve  lifter  service,  1 68-1 70  j 
hydraulically  operated  valve  adjustment 
168 

valve  adjusting,  167 


Valve  repair  equipment,  42-46 
Valves;  162-1 66  .  \ 

Vise  grip  pliers,  34 

•  W 


\ 


Water  poUution,  432-436 

oil  pollutants,  434 

organic  waste,  432-434 

preventive  measures,  434-436 
Waterproof  ignition  systems,  219 
Wave  motion,  100-103 

reflection,  101^103 

refraction,  103 
Weapons  loader,  77 
Wheel  alignment,  267-2? 

front  end  geometry,  267-269 

maintenance,  272-280 

shock  absorbers,  272  ^. 
springs,  272 

steering  and  alignment'maintenance,  269-271 

269-271 
suspension  systems,  271 
Workstands,  .86 
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QUALIFICATIONS  FOR  ADVANCEMENT 


This  appendix  provides  you  with  a  list  of  the  miriiniuni  qua^lifications'for  advancement 
to  Aviation  Support  Equipment  Technician  M  Third  and  Second  Class.  The  official  source  of 
this  list  is  the  Manual'of  Qualifications  For  Advancement,  NAVPERS  18068-C,  1971.  The 
assignment  numbers  given  opposite  the  qualifications  refer  to  the  assignments  in  the  NRCC, 
Aviation  Support  Equipment  Technician  M  3  &  2,  NAVEDTRA  10315-B.  Each  course  assignment 
contains  information  related  to  a  practical  or  knowledge  factor,  as  shown. 

AVIATION  SUPPORT  EQUIPMENT  TECHNICIAN  M  (Mechanical)  -  ASM 

Aviation  Support  Equipment  Technicians  (M)  service,  test,  and  perform  organizational  and 
intermediate  level  maintenance  and  repair  of  gasoline  and  diesel  engines  in  mobile  and 
self-propelled  aviation  support  equ-ipment  and  associjated  automotive  systems,  including 
fuel  systems,  automatic  and  power,  transmissions,  differentials,  and  steering  systems; 
maintain  gas  turbine  compressor  units.and  air-conditioning  systems  used  'in  servicing 
aircraft;  maintain  and  operate  gas  turbiile  compressor  unit  test  stands;  and  perform 
periodic  maintenance  inspections  of  aviation  support  equipment. 

QUALIFICATIONS  FOR  ADVANCEMENT  Required  for 

Advancement  to 

A.  SAFETY  ,  ASM 

1.00   Practical  Factors 

.01    Observe  safety  precautions,  in  the  handling,  servicing, 
and  maintenance  of  aviation  support  equipment  and  in 
the  use  of  related  tools,  equipment,  and  material  .  .;.  E-4 

.02   Observe  safety  precautions  applicable  to: 

a.  Electrical  work,  particularly  those  related  to 
energized  electrical  circuits,  handling  electrolyte, 
batteries,  short  circuits,  and  grounding.  .....  E-4 

b.  Mechanical  work,  particularly  those  related  to 
.  internal  combustion  engines,  power  tools,  and 

fuels  and  oils  E-4 

B.  MAINTENANCE 

1.00   Practical  Factors 

.01   Prepare  Maintenance  Data  Collection  forms: 

CCF's,  UR's,  MAP'S,  SAP's,  TDC's,  and  MHA  cards  ....  E-4 

.02   Make  entries  on  support  equipment  forms  ........  E-4 


ASSIGNMENT 


I,  2.  6,  9,  10, 

II,  12,  13,  14 


6,  11 


100%  OPNAVINST 
4790. 2A  ' 
100%  OPNAVINST 
4790. 2A 


QUALIFICATIONS  FOR  ADVANCEMENT'. (Continued)  Required  for  " 

Advancement  to  • 

B.  MAINTENANCE  (Continued)  ASM  ASS^-GNMENT 

1.00  .Practical  Factors  (Continued) 

.03   Service  and  operate  aviation  <^upport  equipment  .....  E-4  3 
.04^  Perform  daily  maintenance  inspections  and  service 

equipment.   E~4 

■  ■        ^  .  .  .       '  ■ '  ' 

*  .  .05   Perform  periodic  maintenance  inspections  .........  E-4 

■    ■     f       ^  ■  ■  . 

.06    Replace  seals  and  packings  .'  \,  .  .  .  .  E-4 

.07    Perform  periodic  maintenance  op  aviation  ordnance 

handling  equijpment   E-4 

.40   Perform  .systems  operational  test;  verify  discrepancies  .  E-5 

2.00    Knowledge  Factor^s 

•  .01    Elementary  physics  of  heat,  light,  sound,  fli:-jds,  gases, 

and  electricity.  .............  ^;   E-4 

.02    Types  and  purposes  off  Maintenance  and  Material 

Management    E-4 

.03   Types,  uses,  and  care  of  common  aircraft  handling 

equipment.  .    E-4 

.04   Types  and  designations  of  fuel,  hydraulic  fluids, 

coolants,  and  lubricants  *   .  :  .  E-4 

.40   Procedures  for  incorporating  equipment  modifications 

and  changes.    E-5  - 

C.  ENGINES  AND  MECHANICAL  SYSTEMS 

1.00    Practical  Factors 

.01   Service  and  adjust  steering  systems   E-4 

.02   Adjust,  repair  and  replace  carburetors    E-4 

.03  ..Make  minor  engine  tune-ups   E-4 

.04   Adjust  and  make  minor  repairs  to _ga sol ine  and  diesel 

engines   E-4 

.05   Remove  and  replace  cooling  system  components, 

including  pumps,  radiators,  hoses,  thermostats, 

and  shutters  .  1  .....   E-4 

.06    Service,  maintain,  and  make  miner  repairs  and 

adjustments  to  gasoline  and  diesel  fuel  systems   E-4 

.07    Service  and  adjust  transmissions,  clutches,  and 

>  connecting  linkages   E-4 

.08    Remove,  repair  and  replace  fuel  system  components, 

including  pumps,  filters,  injectors,  and  valves.        .  .  E-4 
.40  -  Inspect,  adjust,  and  test  run  gas/  lurbine  compressor 

units.   E-5 

.42    Remove,  install,  and  make  adjustments  to  fuel 

controls  of  gas  turbine  compressor  units    E-5 

.43   Test,  adjust,  repair,  and  replace  governors   E-5 

.44    Remove  and  replace  clutches   E-5 
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QUALIFICATIONS  FOR  ADVANCEMENT  (Continued)  Required  for- 

Advancement  to 

C.    ENGINES  AND  MECHANICAL  SYSTEMS  (Continued)  "  ASM   "  ASSIGNMENT 


-   1.00   Practical  Factors  (Continued) 

.45    Remove  and  replace  rings,  bearings,  wrist  pinsL  ^ 

and  pistons.   I'  '  '  • ^  6 

.46   Grind  and  adjust  valves.  ^  .  ..,.....;./.....  E-5  6 

.48   Make  repairs  to  transmissions  and  differentials.  .  .  .  .  E-S  10 

-.49   Make  major  engine  tune-ups   r  ^  •        •  •      •  •  ^'^  ^»  9,  12 

.50   Identify  malfunctioning  components  of  internal 

cQiE^ast ion  engines   E-5  2,  6,  7,  8,  9 

.51    Inspect  compressors  and  turbines  for  axial  and  radial 

clearances  .   E-5  12 

"2-.i)0 'n<nowTedge  Factors  > 

.01    Effects  of  temperature,  pressure,  and  other  variables 

on  engine  p^erformarice  ^.  .  .   E-4  6,  8,  9,  11,  12 

.02    Procedures 'Tor  bleeding  fuel  system's  .  .      ...  E-4  8,  11 

\       .03   Procedures;f or  internal  and  external  cleaning  of  gas 

\  turbine  compressor  units   .  E-4  12 

\      .04   Principles  of  power  transmission  systems  ........  E-4        .10  ^ 

\      .05    Functions  of  components  of  power  train,  suspension, 

\  and  steering  systems   E-4  9 

\     .06   Principles  of  gasoline  and  'diesel  engines   E-4  .        5,  6,  7,  8,  9 

■  \    .07   Principles  of  internal  combustion  fuel.systems   E-4  7,  8,  9 

\    .09   Effects  of  electrical  load  conditions  on  engine 

\         governor  settings.  . .  .  E-4  7,, 

\  .40   Procedures  for  steering  and  front  end  alinement.        .  .  E-5  9 
\ .41    Principles  of  hydraulic  clutches,  fluid  couplings, 

and  power  steering   .  E-5        .  '9,  10 

'    i42    Functions  and  interrelationships  of  components  of 

gasoline,  diesel;  and  gas  turbine  engines  •  •  ..•  ^"5  6,  7,  8,  12 

D.    S^JRUCTURES  ' 

l.(|0   Practical  Factors  '  '  : 

.02   Use  oxyacetylene  torches  to  weld  and  cut  metal  E-4   .  9 

.OSj   Service,  maintain,  and  make  minor  repairs  to  chassis 

and  frames   E-4  9,11 

.46   Perform  and  interpret  results  of  dye  penetrant' 

.  inspections   ,  .  .  ^.   E-5  6 

2.00  \  Knowledge  Factors 

t  ■  ■  •.  ' 

.01    Types  and  applications  of  corrosion  prevention, 

preservati.on  and  moisture  protecting  rnaterials  E-4  13,  14 

.02   FJro::^dures  for  preserving  and  depreserving  aviation 

su;>p'jrt  equipment  ayid  accessories.'  /.  E-4  13,  14 
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QUALIFICATIONS  FOR  ADV/\NCEMENT  (Contrnued)  '  :    *  Required  for 

-  *  -  \  Advancement  .to 

E.  HYDRAULICS  AND  PNEUMATICS  ASM     '  ASSIGNME^ 

1.00   Practical  Factors  .  *  \ 

.04   Fabricate  and  fit  rigid  tubing  and  low  pressure- 
flexible  hose  assemblies  ^  .......  .  E-4     .*  *  13 

2J     Knowledge  Factors      .  ' /. 

.  .yji    Units  of  measure  and  terms  associated  with  hydraulics     -        *  / 
'  '  and  pneumatics   ...  E-4  3»,  10    .  / 

F.  POWER  GENERATING  SYSTEMS    •  '  ■  ^    ,    '  ^  / 

.2.00   Knowledge  Factors  \  ,     ■  '   '  j  . 

.02   Theory  df  a.c.  and  d.c.  electricity  and  principles  •  / 

of  maqnetisn;  ,  \   .  E-4  4  • 

.03   Principles  of  electro-magnetic  induction  .  .  E-4  4  ' 

G.  AUTOMOTIVE  ELECTRICAL  SYSTEMS  •  . 

1.00  Practical  Factors  ^  ' 

■  (■  . 

.01    Repair,  remove  and  install  components,  of  ignition   .  .  r 
and  starting  systems   E-4  l\>^ 


2.00    Knowledge  Factors 


.01    Electrical  terms  and  units  of  measure.  'E-4  4' 

.04   Principles  of  ignition  systems  and  automotive  electrical 

systems   E-4  6,  7,  8 

.40   Functions  and  interrelationships  of  components  of 

automotive  electrical'  systems.   E-5  6,  7,  8 

H.    REFRIGERATION  AND  AIR-CONDITIONING  SYSTEMS  .  ^        ^  ^ 

l.OOv  Practical  Factors'  /  " 


.02   Perform  routine  tests  for  locating  leaks- of  refrigerant 

in  refrigeration  and  air-conditioning  equipment.  -      .  .  E--'  13 

.03   Repair  and  replace  mechanical  components  cf  . 

air-conditioning  systems  E-.«  13 

-40   Adjust  thermal  expansion  valve,  high-pressure  and 
low-pressure  switches,  thermostats,  cooling  water 
.  regulator,  and  reducing  valve.  .......    E-j  13 

.41    Check  for  non-condensable  gaseS\and  pump  down 

refrigerant  systems.  N   E-5  13 

.42   Adjust  temperature  and  pressure  control  units.  .....  E-5      .'\  13  " 

.43    Identify  malfunctioning  mechanical*  components  of  . 

air-conditioning  systeins  ......  ...  E-5.  13 

.45   Dehydrate,  test,  and  recharge  refrigeration  and  air- 
conditioning  systems  E-5  '  13 
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QUALIFICATIONS  FOR  ADVANCEMENT  (Continued)  \  Required  for  ' 

'     .    "  •  ;  ■  Advancement  to 

^.    REfRIGERATION  AND  AIR-CONDTTIONING  SYSTEMS  /        -    ASM   •  y  ASSIGNMENT 

2.00  .Knowledge  Factors    "^  V''  "         \j  .  • 

.01    Principles  of* air-conditioning  systems  V  .  E-4  12 

.02    Function  of  electrical  compo(>ents  and  contrbls  of 

air-conditioning  .  .   ,  .  .  E-4  12,  13 

.03    Function  of  mechanical  components  ^f  air-conditioning 

systeins.^.  ........  ..: .  ^  .  E-4  12,  13  ■ 

..04    Construction  and  opera t4on  af  flight  line^and  field 

service  type  of.  refrigerating  unitsVand  characteristics 

of  refrigerants.   .  ,  E-4  13 

/  ^40    Purpose  of  -  refrigeration  expansion  valves.  .......  E-5  12,  13 

.42    Principles  of  mechanical  components  and. controls  of  , 

air-cbnditiohing  systems  E-5  13 
^.43    Functions  and  fnterrelationships  of  electrical  n 

components  of  air-con^litioning  systfijus  ......  j..'.  E-5  13 

.44    Functions  "and  interrelationships  ofjnechanical        .  * 

components  of  air-conditionifig  systeiiis    .E-5  13 

.  .45    Lubricant  requirements  and  precautions  when  handling 

V  .       .   dehydrated  oils  for  refrigerant  systems.  .  ;     ,  ■.  .  .  .  E-5  -13 

I;    TOOLS  AND  TEST.  EQUIPMENT   ^  .  * 

-.  «  " 

1.00    Practical  Factors  .*  • 

.  •■  .•  ^ 

.01    Use  chain  hoists  and  jacl^'s  to  service  ernd  repair 

equipment.  T  ...  .  E-4  2- 

.05    Select,  use,  and  care  for  common  handtools  .  '.f.'  ....  E-4  •        1,  2  i! 
\^.40   Maintain  and  operate  gas  turbine  compressor  unit 


test  stands.  .•  E-5  12  \ 


2.00    Knowledge  Factors 


.01    Uses  and  appl ications.  of  micrometers, "vin^ide-outside 

caljpers,  feeler  gages,  and  dial  iridicators.  ..  .  .  t  .  .  E-4  1 
•/.02    Characteristics  of  basic  electrical  measuring 

instruments  '.         .  .  .         .  .  E-4  1,  4 

.05    functions  and  appl ications  of  automotive  engine.        '        .  ^  * 

-  analyzer-^.  :        ;  -   E-4  ..1,8 

J.    PUBLICATIONS  AND  DRAWINGS  «        '     '   /     '  '  » 

l;Op' Practical  Factors      ^      ,        .        *  .  „     ^  7^  . 

\  '  -      ■      .  ■       .  .  "I 

..01    Use  pictorial  diagrans,  'Schematics,  and  charts  In 

maintaining  and  servicing  equipment  E-4      ^  5 

'.02    Use  niaintenance  instructions  to  locate  and  identify 

components  of  equipment.   E-4  5 

v^,,.40    Use  publication  indexes  to  identify 'and  locate  technical 

put^l  ications,  directives,  and  manuals  T  v  .  .  .  E-5  5 


\ 
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QUALIFICATIONS  FOR  ADVANCEMENT  (Continued)  Required  for 

''\dvdncement  to 

J.    PUBLICATIONS  AND  DRAWINGS  (Continued)  ASM  ASSIGNMENT 

2.00    Knowledge  Factors  - 

.01    Standard  symbols  utilized  in  diagrams,  drawings,  1 

chematic:^^  charts,  and  prints  i  .  .  E-4  5 

.02  Military  specifications  for  identification,  marking; 
and  color  coding  of  electrical  conductors  and  lines i 
carrying  fluids  or  gases  ..............  .1  .  .  E'-4  5 

.03   Types  of  information  contained  in  manuals  relating  ' 

.   to  operation,  servicing,  inspection,  and  maintenance  .  .  E-4  5 

2.    ADMINISTRATION  ,  .  . 

1  j"    v-actical  Factors 

10    V  ntdin  current  shop  files  of  technical  publications 

.  nJ  directives  .  .  .  /   E-5  4 

.41    use  publications  relating  to  inspection,  servicing,  and 

maintenance  of  aviatio;.  ordnance  handling  equipment.  .  .  E-5  4 

2.00  .  Knowledge  Factors  . 

.39   Principles  of  the  Maintenance  Material  Management  (3M)  ' 
-  System:  ■  ■ 

a.  PI an,ned  Maintenance  Subsystem  (PMS).  ......  .  .  E-4  100%  OPNAV INST. 

>■  4790. 2A 

b.  '  Maintenance  Data  Collection  Subsystem  (MDCSV  ....  E-4  100%  OPNAVINST 

■        4790. 2A 

c.  Manai,^ment  by  Ex-ception  E-5  100%  OPNAVINST 

:  4790. 2A  - 

.391  Elements  of  th'e  Planned  Maintenance  Subsystem: 

a.  Types  of  maintenance  inspections  .  .  .E-4  100%  OPNAVINST 

~:    1  4790. 2A 

b.  Types  and  uses  of  Maintenance  Requirement  >' 

Cards  (MRC)'  .E-4  /100%  OPNAVINST 

.       .  f4790.2A 
.392  Principles  of  Manhour  Accounting: 

a.  Methods  of  Manhour  Accounting  (MHA)   E-4         U 00%  OPNAVINST 

-,4790.2A 

b.  Purpose  o'T  Manhour  Accounting  E-4      '   1 100%  OPNAVINST 

|4790.2A 

I    .393  Functions  cf  Maintenance  Departments:  r< 

la.    Levels  of  maintenance.-.   ....  E-4  4100%  OPNAVINST 

\  4790. 2A  - 

b.  Purpose  of  Visual  Information  Display  System  Vi 

(VIDS)  •••  •  •  ^  ;  E-4         ..ipO%  OPNAVINST 

4790. 2A. 

c.  Material  Control  responsibilities.   E-5  1^0%  OPNAVINST 

4790. 2A 

d.  Types  of  maintenance  instructions.  .........  E-5  100%  OPNAVINST 

.  4790. 2A 

e.  Responsibilities  of  the  Quality  Assurance  Division  .  l:-5  100%  OPNAVINST 

4790. 2A 

...  458 
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QUALIFICATIONS  FOR  ADVANCEMENT  (Continued)  \  Required  for 

t     \  Advancement  to 

Z,  '*  ADMINISTRATION  (Continued)'  ASM      .  ASSIGNMENT 

2.00    Knpwledge  Factors  (Continued) 

.393  Functions  of  Maintenance  Departments  (Continued) 

■  f.    Unsatisfactory  Material /Condition  Reporting • 

Program  and  information  flow  for  Unsatisfactory  \ 

Reports  UUR)  .  E-5  100%  OPNAVINST 

:  ■•■  '  \  4790. 2A 

.59   Functions  of  the  Maintenance  Data  Collectiibn  Subsystem:  \ 

a.    Source  documents  used  for  data  reporting  .  :  * .  .  .  .  E-5  100%  OPNAVINST 

4790. 2A; 

.591  Elements  of  Material  Control:  1 

a.    Purpose  of  the  Supply. Support  Center        .   E-5  100%  OPNAVINST 

■  .  \  4790. 2A 

^.BB.  ENVIRONMENTAL  POLLUTION  CONTROL  .        '  - 

1.00   Practical  Factors 

None 

"   -2.00   Knowledge  Factbrs 

^        .01'  Effect  of  incomplete  combustion  of  fuels  on  air 

1  pollution,   E-4       *  14 

.02'  Fuel  components  and  combustion  products  which 

—     adversely  affect  air  E-4  14 

.03   Means  of\ control  ling  air  poll.ultion  caused  by  fuel 

combustion  ;  ^  .  .  .   E-4  14 

.04   Possible  pbllutionthreats  due|to  oil  and  other  fuel 

product  spillage  on  the  water  or  ground   •  .  E-4  14 

.05   Procedures  for  limiting  or  miniJnizing  the  adverse 

'              effects  of  oil  and  fuel  spillag^   E-4  14 


I 
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AVIATION  SUPPORT  EQUIPMENT 
TECHNICIAN  M  3  &  2 

/    NAVEDTRA  1031 5-B  , 

Prepared  by  the  Naval  Education  and  Training  Program  Development 

Center,  Pensacbla,  Elorida 


Your  NRCC  contains  a  set  of  assign- 
inents  and  self-scoring  answer  sheets 
(packaged  separately) .     The  Rate  Train- 
ing Manual,  Aviation . Support  Equipment. 
Technician  M  3&2,  NAVEDTRA  10315-8,  is 
your  textbook  for  the  NRCC.     If  an 
errata  sheet  comes  with  the  NRCC,  make 
all  indicated  changes  or  corrections. 
Do  not  change  or  correct  the  textbook  or._ 
assignments  in  any  other  way. 

HOW  TO  COMPLETE  THIS  COURSE  SUCCESSFULLY 

Study,  the  textbook  pages  given  at 
the  beginning  of  each  assignment  before 
^trying  to  answer  the  items.     Pay  atten- 
tion to  tables  and  illustrations  as  they 
contain  a  lot  of  inf ormatior- .  Making 
your  own  drawings  can  helpi you  understand 
the  subject  matter.    Also,  read  the 
learning  objectives  that  precede  the 
sets  of  items.*    The  learning  objectives 
and  items  are  based  on  the  subject  matter 
or  study  material  in  the  textbook.  The 
objectives  tell  you  what  you.  should  be 
able  to  do  by  studying  assigned  textual 
material  and  answering  the  items. 

At  this  point  you  should  be  ready 
to  answer  the  items  in  the  assignment. 
Read  each  item  carefully.     Select  the 
BEST  ANSWER  for  each  item,  consulting 
yotir  textbook  when  necessary.     Be  sure 
to  select  tne  BEST  ANSWER  from  the  s\ib- 
ject  matter  in  the  textbook..    You  may 
discuss  difficult  points  in  the  course 
with  others,     however,  the  answer  you 
select  must  be  your  own.     Use  only  the 
self-scoring  answer  sheet  designated  for 
youi:  assignment.     Follow  the  scoring 
directions  given  on  the  answer  sheet 
itself  and  elsewhere  in  this  course. 

Your  NRCC  will  be  admini&rered  by- 
your  command  or,  in  the^  case  o::  small 
commands  ,  by  the  Naval  Ecfucat?  l  n  and 
Training  Program  Development  crater. 
No  matter  who  administers  yoi r  course 
you  can  complete  it  successfully  by 
earning  grades  -that  average  3.2  or 


higher.     If  you  are  on  active  duty,  the  . 
average  of  your  grades  in  all  assign-^ 
ments  must  be  at  least  3.2.     If  you  are 
NOT  cn  active  duty,  the  average  of  your 
grcoaes  in  all  assignments  of  each 
creditable  unit  must  be  at  least  3.2. 
The  ^nit  breakdown  of  the  course,  if 
any,  is  shown  later  "under  Naval  Reserve 

Retirement  Credit. 

\       .  •  ■  • 

WHEN  VOUR  COURSE  IS  ADMINISTERED 
BY  LOC^  COMMAND^ 

As^oon  as  you  have  finished  an 
assignment,  submit  the  completed  self- 
scoring  answer  sheet  to  the  officer 
designate^  to  administer  it.    He  will 
check  the  accuracy 'of  your  score  and 
discuss  wiih  yjDu  the  items  that  you  do  . 
not  underi&t^nd.  \You  may  wish  to  record 
your  score  on  .the  assignment  itself 
since  the  seif-scoring  answer  sheet  is 
not  returned  .\ 

\ 

If  you  arfe  completing  this  NXCC  to 
become  eligible\to  take  the  fleet  wide 
advancement  examination,  follow  a  sched- 
ule that  will  enable  you  to  complete  all 
assignments  in  tipie.     Your  schedule 
should  call  for  th.e  completion  of  at 
least  one  assignment  per  month. 

Although'you  complete  the  course 
successfully,  the  NaVal  Education  and 
Training  Program  Development  Center  will 
not  issue  you  a  letter 
completion.  Your  cor 
note  in  your  service 
credit  for  your  work. 


of  satisfactory, 
and  will  make  a 
bcord,  giving  you 


WHEN  YOUR  COURSE  IS  ADMINISTERED 
BY  THE  NAVAL  EDUCATION  AJ^  TRAINING 
PROGRAM  DEVELOPMENT  CENTER 

After  finishing.:  an  r  assignment,  go 
on  to  the  next.     Retain  each  completed 
self-scoring  answer  sheetruntil  you 
finish  all  the jassignm^nti  in  a  unit  (or 
in  the  course\if  it  is  ixiot  divided  into 
units)  .     Using  the  envi^lpj  es  provided. 
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mail  your  self-scored  r.nswer  sheets  to  the 
Naval  Education  and  Training  Program 
Development  Center  where  the  scores  will 
be  verified  and  recorded.  Make  sure  all 
blanks  at  the  top  of  each  answer  sheet 
are  filled'  in.  Unless  you  furnish  all  the 
information  required,  it  will  be 
impossible  -to  give  you  credit  for  your 
work.  You  T\iay  wish\ to  record  your  scores 
on  the  assignments  \since  the  self-scoring 
answer  sheets  are  not  returned.  r 

\The  Naval  Education  ank  Training 
Program  Development  Center  will  issue  a  \ 
letter  of  satisfactory  completion  to  ; 
certify  successful  completion\ of  the 
course:  (or  a  creditable  unit  of  the 
course)..  To  receive  a  course-completion 
letter^,   follow  the  directions  given  on 
...  the  course-completipn  -form  in  tne  back, 
of  thiis  NRCC,  '      I  \ 

You  may  keep  the  textbook  and 
assignments  for  this  course.  Recur^r  them 
^only  in  the  event  you  disenroll  from  the 
HS^se  or  otherwise  fail  to  complete  the 
course.  Directions  for  \returning  the\ 
textbook  and  assignment's  are  given  on  the 
book-return  form  in  tha  back  of \ this  \ 
NRCC.  \ 

PREPARING  FOR  YOUR  ADVANCEMENT  \ 
EXAMINATION 

Your  examination  foir  advancement  is  \ 
based  on  the  Manual  of  Qualifications 
I  for  Adva^icement  (NAVPERS  18068).  The  , 
'  sources  of  questions  in  e:is  examination 
are  given  in  the  Bibliography  for 
Advancement  Study  (NAVEDTRA  10052) .  Since 
vour  NRCC  and  textbook  are  among  , the 
.sources  ].isted  in  this  bibliography,  be 
sure  to  study  both  ir.  preparing  to  take  - 
your  advancement  examination.  The 
qualifications  for  your  rating  may  have 
changed  since  your  course  and  textbook 
were  printed,  so  refer  to  the  latest 
editions  of  NAVPERS  18068  and  NAVEDTRA 
10052. 


\ 

\ 


NAVAL  RESERVE  RETIREMENT  CREDIT 

This  course  is  evaluated  at  21  Naval 
Reserve  retirement  points,  which  will  be 
credited  in  units  as  follows:     Unit  1: 
12  points  .upon  satisfactory  completion  of 
Assignments  1  *  through  8;   and.  Unit  2:  9 
poirra  upon  satisfactory  completion  of 
Assignments  9  through  14.     These  points  . 
are  creditable  to  personnel  eligible  to 
r-eceive  them  under  current ;  directives 
governing  retirement  of  Naval  Reserve 
personnel •     Naval  Reserve  retirement 
credit  will  not  be  given  for  this  course 
if  the  student  has  previously  received 
retirement  credit  for  an  Aviation  Support 
Equipment  Technician  M  3  &  2,  NRCC  or 

"^pcc. 


COURSE  OBJECTIVE 


While  completing  this  course  you  will 
demonstrate  y(bur  understanding  of  course 
material  by  correctly  answering  items  on 
the  following;   the  ASM  rating  structure,  ^ 
recjuirements ,  procedurec,  and  sources  of 
^.nformation  to  assist  you  in  preparing  for 
advancement;  operation  and  maintenance  of 
Aviation  ground  support  <^quipment;  operat- 
ing principles  and  maintenance  of  gasoxine 
and  diesel  engines  and  associated  systems; 
\operating  principles  anr*.  maintenance  of  • 
^ras  turbine  compressors;  operating  prin- 
l^iples  and  maintenance  o*  ground  air  Con- 
ditioners; use  of  publications  relating 
5p  the  ASM,  rating;  corrosion, control;"  and 
enviromental  pollution  control. 


While  working  on  this  nonresident 
career  course,  you  may /refer  freely  to  the 
text-     You  may  seek  adji^ice  and  instruction 
from. others  on  problems  arising  in  the 
course,  but  the  solutions  submitted  must  be 
the  result  of  your  own  work  and  decisions. 
You  are  prohibited  from  referring  to  or 
copying  the  solutions  of  others,  or  giving 
completed  solutions  to  anyone  else  taking 
the  same  course...  ' 
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Naval  nonresident  career  courses  may  include  a  variety  of  items  --  multiple-choice,  true-false,. . 
matching,  etc.*  The  items" are  not  grouped  by  type;  regardless  of  type,' they  are  presented  in  the  same 
general  sequence  as  the  textbook  material  upon  which  they  are  based.    This  presentation  is  designed 
to  preserve  continuity  of  thought,  permitting  step-by-step  development  of  ideas.    Some  courses  use 
many  types  of  items,  others-only  a  few'.   The  student  c^n  readily  identify  the  type  of  each  item  (and 
the  action  required  of  htm)  ttirough  inspection  of  the  samples  given  below. 

^  MULTIPLE-CHOICE  ITEMS        .  ^ 

Each  item  contains  several  alternatives,  one  of  which  provides  the  best  answer  to  the  Item. 
Select  the  best  alternative  and  erase  the  appropriate  box  on  the  answer;sheet. 


SAMPLE- 

s-1.  The  first  person  to  be  appointed  Secretary  of  Defense, 
under. the  National  Security  Act^of  1947  was 

1.  George  Marshall  \' 

2.  James  Forrestal 

3.  Chester  Nimitz 

4.  William  Halsey  .        v  . 


The  erasure  of  a  correct  answer  is  in- 
dicated in  this  way  on  the  answer  sheet: 


TRUE- FALSE  ITEMS 

Determine  if  the  statement  is  true  or  false.  If  any  part  of  the  statement  is  false  the  state- 
ment is  to  be  considered  false.    Rrase  the  appropriate  box  on  the  answer  sheet  as  indicated  below. 

The  erasure  of  a  correct  answer  is  also 


,  SAMPLE 

s-2.'  Any  naval  officer  is  authorized  io  correspond 
officially  with  a  bureau  of  the  Navy  Department 
without  his  commanding  officer* s  -endorsement. 


indicated  in  this  way  on  the  answer 
sheet: 


MATCHING  ITEMS   

Each  set  of  items  consists  of  two\  columns,  each  listing  wordsT'pnrases  or  sentences. 


_      -  '^^^  ^^^^ 

is  to'select  the  item  in  column  B  whicti  is  the'best  match  for  the  item  in  column  A  that  is  being 
considered.    Specific  instructions  are\given  with  each  set  of  items.    Select  the^numbers  identifying 

the  answers  and  erase  the  appropriate  "boxes  on  tl]e  answer  sheet. 

\'  -  , 

,        ^  V  SAMPLE 

In  items  s-3  through  s-6v  match  the  name  of  the  shipboarr"  officer  in  column  A  by  selecting  from 
column  B  the  name  of. the  department  in^ which. the  officer  functions. 

.A,  Officers 


The  erasure  of  a  corr-'ct  ansiwer  is  In- 
dicated in  this  way  on  the  rnswer  sheet: 


B. 'Departments 

s-3.  Damage  Control  Assistant     i.  Operations  Department 
S-4.  CIC  Officer  "  2.  Engineering  Department^ 

s-5.  Assistant  fo^  Disbursing    ,3.  Supply  Department 
Sr6.. Communications  Officer 


How  To  Score  Your  X"™T^ediate  Knowledge  of  Rjssults  (IKOR)  Answer  Sheets 

Total  the  number  of  in-  Sample  o^^ly 

corj^ect  erasures  (those 
that  show  page  numbers) 
for  each  item  and  place 
n  the  blank  space  at 
the  end  of  each  item. 


Number  of  boxes 
erased  Incorrectly 


Your  score 


Now  TOTAL  the  column(s)  of  incorrect  erasures  and  find  your. score  In  the  Table  at  the 
bottom  of  EACH  answer  sheet. 

NOTICE:  If,  on  erasing,  a  page  number  appears,  review  text  (starting  on  that  page)  and^.erase  again 
until  "C",.  "CC",  or  "CCC"  appears.    For  courses  administered  by  the  Center,  the  maximum  . 
number  pf  points*  (or,  incorrect  f^rasures)  will  be  deducted  from  each  item  which -does  NOT  have 
a  "C",  "CC",  or  "CCCV  uncovered  (i.e.,  3  pts*  for. four  choice  items,  2  pts.  for  three^choice 
items,  and  1  pt.  for  T/F  iteftis).  - 

•  ' "  •.         ■  \         ,  iii  ■'.  ■. 
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Aviation  Support  Equipment  Technician  M  Rating.  Too3.8,  and  Lifting  Devlcea 


Text:    Pages  1-42 


4- 


In  this  course  you  will  demonstrate  that  learning  has  taken  place  by  correctly  answering 
training  Items.    The  mere  physical  act  of  Indicating  a  choice  on       answer  sheet  la  not  In  Itself 
Important;  It  Is  the  mental  achievement.  In  whatever  form  it  may  take,  prior  to  the  physical  act 
that  Is  Important  and  toward  which  nonresident  career  course,  learning  objectives  are  directt*<i;. 
The  selection  of  the  correct  choice  for  a  course  trainl^ng  item  indicates  that  you  have  fulfUled, 
at  l?>ast  in  part,  the  stated  oDjective(s) . 

■  *  '  •  "■  '  • 

The  accomplishment  of  certain  o]^Jectives,  for  example,  a  phyilcal  act  such  as  drafting  a 
Uit  T;r .  cannot  readily  be  determined       means  of  objective  type  course  items;  however,  you  can 
demc.\strate  by  means  of  answers  to  tiraining  items  that  yoU  have  acquired  the  requisite  knowleuge 
to  petforji  the  physical  act.    The  accomplichment  of  certain  other  learning  objectives,  for 
t?:c;iffiplc,  the  mental,  acts  of  comparing,  recogni-zing,  evaluating,  choosing,  selecting,  etc.,  may 
be  teudlly  demonstrate^,  in  a  course  by  indicating  the  correct  answers  to  training  items. 

The  comprehgnsive  objective  for  '^this  course  has  already  been  given.    It  statfes  the  purpose 
of  the  course  in  terms  of  what  yo.j  will  be  able  to  do  as  you  complete  thfe  course. 

The  detailed  objeetivps  in  each  jassignment  state  what  you  should  accomplish  as  you  progreos 
through  the  course.    They  may  appear  jsingly  or  in  clusters  of  closely  related  objectives,  as 
appropriate;  they  are  followed  by  items  which  will  enable  you  to  indicate  your  accomplishment. 

'  All  objectives  in  this  course  are  learning  objectives  and  items  are  teaching  lteiM-\^  They 
•  point  out  important  things^  they  assist  in  learning,  iand  they  should  enable  you  td  do' 
Job  for  the  Navy. 


a  >l|etter 


\ 


This  self-rstudy  course  is  only  one  part  of  the  t;otal  Navy  training  program;  by  Itla  vtery 

nature  it  can  t^ke  you  only  part  of  the  way  to  a  training  goal.    Practical  experience,  schools, 

nelectfd  readings  and  the  desire  to  accomplish  are  also  necessary  to  round  out  a  fully  meaning- 
ful training  progr  xdi.  '  ,  r  I 


1-1, 


.Learning  Objecc/vei    Identify  the 
general  con  tenuis  '  ^  chapter  1  of 
the  text,  and  dis>.i.nguish  between 
general  ,and  service  ratings,  and 
between  the  terms  rate  and  ratings. 


'■.n  what  minual  are  the  minimum  professional 
qi\allf ications  for  advancement  in  all  rat- 
ings xisted? 
1      NrWPERS  10056-D. 

2.  NAWERS  18068  (Series) 

3.  NAVEDTiiA  ip052-W 

4.  NAVEDTfSlV  1031 5-B 


-  -  \ 

1-2.    A  general  rating  is  one  which  re^le^ts 

qualifications  in  '    }    *  ' 

1.  'Civilian  skills,  identified  with  |a 
peacetime  Navy  \ 

2.  "  civilian  skills  identified  with  a 

wartime  Navy  1 

3.  broad  occupational  fields  of  related 
duties  and  functions 

4.  subdivisions  or  specialties  within 
[         broad  occupational  fields  | 

1-3 •  The  rating  structure  for  naval  enlisl|ed 
personnel  in  the  AS  rating  provides  fpr 
1.    service  ratings  only 

general  ratings  only  j 


/ 


both  general  and  service  ratings  ^ 
general,  service^  and  emergency  ratings 


1-A.    Which  tern  identifies  personnel  c  cupa- 
tionally  by  pay  gradea7t 

1.  Rate 

2.  Rating 

3.  Assignment' 

4.  Billet 

1-5.    Which  of  the  following  rates  ie  a  service 
rate? 

1.  ASM2 

2.  ASl 

3.  ASCS, 

4.  ASCM. 

1-6.    Refer  to  figure  1-1  in  your  textbook.  At 
what  rate  level  doea  the  AS  have  hie  first 
opportunity  to  app|ly  for  advancement'  to 
Warrant  Officer  (W-1)? 

1.  Second  class 

2.  First  class 

3.  Chief  petty  officer 

4.  Master  chief  petty  ofCicer 

lr7  .    The  ASM  \s  NOT 'required  to  perfcrm  mainte- 
nnnce  or  service  on  which  of  t^f  following 
types  of  aviation  eupport  equipment? 
1.    Gasoline  and  diesel  engines  in  self- 
■       propelled  equipment  and  associated 
auuomotive  systems  ^ 
2«    Gas  turbine  compressor  units  and  air- 
conditioning  systems  used  in  servicing 
aircraft 

3.  Gas  turbine  comprest^v'-  unit  test  stands 

4.  AHT--63.  hydra'i.lic  test  stands 

1-8.    The  specific  duties  which  you  will  perform 
at  your  assigp'i^  activity^  will  depend 
-largtly  upon  the 

1.  Navy  schooling  you  havp-  experienced 

2.  n\i2iber  of  ASMs  assigned  to  your 
activity  .  . 

3*    LypeTrf  activity  to'  which  you  are 

;a^:iigne4  - 
4.    rype  and  number  ?f  correspondence 

courses  you  have  ctjmplfifjted 
■    ■  '  ^.  . 

1-9,    Personnel  antl  "li^ating  .trahs'fer  to  a  new 
>accivity  and  de3iring  infofiLatioft\on  duty 
preferences  should  consult  which  o!f  the 
IXoving  publications? 

,    The  Enlisted  Transfer  'M&nual.'^NAVPERS 
15909  (Series) 

2.  NAVEDTRA  1^052  (Series) 

3.  Thr  Manual  of  Qualifications  for 
Advancement,  NAVPF.RS  18068  (Series) 

4.  The  Re  core!  of  Practical  Factors, 
HAVEDTRA  1414/1 


1-10.    As  an  AS  advances,  his  success  is  judged 
increasingly  in  terms  of  the 

1.  amount  of  work  he  does 

2.  amount  of  efficient  work  his  men  do 

3.  number  of  different  billets  he  hasi 
filled 

4.  neatness  and  orderliness  of  the  work 
areas  for  which  he  is  responsible 

1-11.    Whidh  of  the  following  publications  should 
the  ASM  striker  study  in  order  to  leatn  the 
leadrxahip  qualities  expected  of  him  when 
he  advances  to  a  petty  officer  rate? 

1.  Aviation  Support  Equipment  technician 
M  3  &  2,  NAVEDTRA  10315-B 

2.  Bibliography  for  Advancement  Study, 
NAVEDTRA  10052  (Series) 

3.  Military  Requirements  for  Petty  Officer 
3  &  2,  NAVEDTRA  10056  (Series) 

4.  List  of  Training  Manuals  and  Corres- 
pondence Course's,  NAVEDTRA  10061 
(Series)  /  y 


•Learning  Objective:  Recognize 
advantages  of,  procedures  for, 
and  materials  to' be  studied  in 
preparing  for  advancement. 


1-12.    In  addition  to  receiving  an  increased 

amount'  of  pay,  .''the  personal  benefits  • 
realized  from  an  advancement  should' 
include 

1.  a  feeliixg  of  accomplishment  only 

2.  greater  interest  in  the  jobs  to  be  done 
rjniy 

3.  increased  respect  from  both  supervisors 
and  subordinates  only 

4.  a  feeling  of  accomplishment,  greater 
interest  in  the  jobs  to  be  done,  and 

'\  increased  respect  from  both  supervisors 

;  and  subordinates 

\    '  ■  ■  '.    '  ' 

1-13.    The  professional  requirements  for  the  ASM3  • 
1      and  ASM2  rates  are  given  in  the  Manual  of 
;     Qualifications  for  Advancement  (*'Quals" 
^     Manual),  NAVPERS  18068  (Series),  as 
\     1.    knowledge  factors  and  examination 

subjects  •  J 

1    2.    examination  subjects- and  military  fac- 
tors * 
3,.    occupational  standards 
■  4.    practical  factors  and  military  factors 


EKLC 


Learning  Objective:    Indicate  prin-  \ 
ciples  of -good  leadership  and  the 
relationship  of -leadership  to  A  HO 

advancement.  I  O  \- 

■  k 


.1-14.    The  Record  of  Practical  Factors,  NAVPERS 

.1414/1,  forms  a  part  of  each  ASM' s  service" 
recoi^d  and  provides  a  record,  of  his 

1.  general  performance  on  the  job 

2.  grades  of  examinations  required  for 
advancement 

a.    demonstration  of  skills  required  for 

advancement  u 
4.    military  qualifications  in  relation  to 

other  men  in  his  rating 

1-15.  Which'  of  the  following  actions  should  an 
ASM  take  when  he  is  transferred  from  one 
activity  to  another? 

1.  Request  a  statement  concerning  his 
qualifications  from  the  activity,  he  is 
leaving 

2.  Secure  his  NAVPERS  1414/1  and  take  It 
to  his  new  commanding  officer 

.  "3.    Inform  his  new  division  chief  that  he 
has  completed  his  practical  factors 

.4.    Ensure  that  his  NAVPERS  1414/1  is  in 
his.  service  record 

1-16.    The  knowledge  and  skills  required  of  a 
particular  rating  concerning  a  SPECIFIC 
weapons  system  are  analyzed  In  the 

1.  applicable  Rate- Training  Manual 

2.  Personnel  Qualifications  Standards 
(PQS) 

3.  Manual  of  Qualifications  for  Advance- 
.      '  ment 

4.  Record  of  Practical  Factors 


1-^20. 


1-17. 


1-18. 


Guidelines  for  self-study  of  fundamentals 
normally  taugjit.ln  Preparatory,  Fundamen- 
tal, and  Class-A  schools  are  outlined  In 
ther PQS  section  entitled 

1.  \^eory-rlOO  Series 

2.  ^3rstem^-200  Series 

3.  Watch  stations — 300  Series 

4.  Qualification  cards— 400  Series 

Which  section  of  the  Personnel  Quall^lca- 
ti^on  Standards  contains  Items  designed  to 
decermlne  If  an  Individual  has  the  abili- 
ties necessary  to  perform  maintenance  on 
-  a  system? 

1.  100  Series — Theory 

2.  200  Series — Systems 

3.  300  Series — Watch  stations  . 

4.  400  Series; — Qualification  cards 


1-19. 


1-21. 


1-22. 


1-23. 


, 1-24. 


\ 


What  does  a  letter  following  the'  NAVEDTRA 
number  assigned  to  the  Bibliography  for 
Advancement  Study,  NAVEDTRA  10052  (Series), 
indicate? 

1,  The  BUPrRLi  Notice  that  supercedes  the 
publJ  cation  _   ^  •  / 

2,  A  revision  to  the  publication.  **" 

3.  A  svpplement  to  the  publication 

4.  The  effective  date  of  the  publication 


Before  being  eligible  to  take  the  Nayyrvide 
advancement  examination  for  a  rate,  the  AS 
must  complete  those  training  manuals  marked 
with  an  asterisk  ('^)  in  which  publication? 
1.    The  "Quels"  Manual  ' 

List  of  Training  Manuals  and  Correspond- 
ence Courses,  NAVEDTRA  10061  (Series) 
Training  Publications  for  Advancement, 
NAVEDTRA  10052  (Series) 
Manual  of  Enlisted  Classifications, 
NAVPERS  15106  (Series)  " 


2. 


4. 


Your  textbook  states  that  you  should  study  , 
the  references  which  are  recommended  as  well 
as  those  that  are  mandatory  in  the  study 
bib;Liographyvin  NAVEDTRA  10052  because 

1.  cofDpletion  of  those  courses  is  neces- 
sary for  being  recommended  for  the  next 

.  ^    rate  , 

2.  those  references  may  furnish  source 
material  for  some  questions  in  the 
written  examination  for  advancement 

3.  you  cannot  be  advanced  without  being 
examined  on  those  references 

4.  those  references  are  for  your  knowledge 
only  and  are  not  to  be  used  for  advance- 
ment items 

The  general  qualifications  which  all 
enlisted  personnel  are  expected  to  demon^^: 
strate  as  a  minimum  for  advancement  at  all 
rate  levels  are 

1.  knowledge  factors 

2.  practical  factors 

3.  military  ^standards/requirements 

4.  professional  qualifications 


Learning  Objective:    Identify  types 
of  training  manuals  and  how  they  are 
numbered.       i  o 


What  kind  of  training  manual  is  Aviation 
Support  Equipment  Technician  M  3  &  2, 
NAVEDTRA  10315-B?  ' 

1.  Basic- 

2.  Rating 

3.  General 

■4.    Subject  matter  o  . 

The  wotd  basic,  as  -ised  in  Rate  Training 
Manual ' titles,  has  which  of  the  following 
meanings  relative  to  the  material  in  the 
basic  manual? 

1.    The  material  is  common  to  several  Navy 

ratings        '  . 
2*    The  material  should  be  studied  by  all 

Navy  personnel  .  ^■ 

3.  The  material  1,^  .  simple  and  fundamental  , 
enough  to  be  understood  by  beginners 

4.  The  material  is  basic  oi  fundamental  to 
the  rating  from  which  the  manual's  title 
is  derived        .  - 


474" 


\ 


1-25.    NAVEDTRA  10061  (Series)  may-  hej.p  you  In 
"        planning  your  study  program  for  advance- 
'ment  because  It  lists  the 
1.    recoimnencied  and  required  rate  training 
manuals  ,  ^ 

■      2.    applicable  correspondence  courses  and 
.tra^.nlng  manuals 

3.  minimum  requirements  for  advancement 

4.  recommended  correspondence  courses 

lt^6.    The  fundamental  purpose  of  a  Rate  Training 
Manual  Is  to 

1.  aid  personnel  to  advance  ' 

2.  offer  advanced  study  to  graduates  of 
Navy  schools 

3.  teach  specif Ic  equlf)ments  to  personnel 
in  specific  ratings 

4.  cover  the  professional  and  military  < 
aspects  of  specific  rates 


Learning  Objective:  Indicate 
recommended  ways  to  study  a 
-tralnlTig  manual. 


1-29.    You  ask  a  shipmdte  to  tell  you  what  the  ' 

textbook  he  Is  studying  says  about  a  -^v 
given  subject  and  Jxe.j^swers  "I  know  what 
.    it-^says  butVJ^Q^n't  pXit  it  into  words." 
What  can  you  infer  f rojn  his  statement?     *'  • 

1.  The  textbook  Is  poorly  written 

2.  Hei  has- not  really  learnfed  the  informa- 
tion presented 

3.  The  textbook  information  cannot  be 
stated  4^  words  other  than  those  used 
in  the  liook 

4.  He  does  not  desire  to  let  you  know  what 
'  I  he  has  learned 

1-30.*"  When  must  you  successfully  complete  the 
E-4  or  E-5  military/leadership  examina- 
tion? ^    ^  .  ^ 

1.  At  the  same  tim^  the  professional 
examination  is  administered 

2.  Prior  to  participating  in  "the  profes- 
sional examination  v    .  ^r.'*'-^ 
After  successfully  completi,n|j']the  pro- 
fessional examination  • 
At  any  time,  as  appropriate  ' 


3. 


4. 


1-27.:  What  is  the  first  step  to  take  in  starting 
f      j      your  study  of. a  Rate  Training  Manual? 
/      1.    Read  the  chapter  headings 
V       2.    Outline  the  entire  manual 
"""^^         3.    Familiarize  yourself  with  the  entire 
manual 

4.    Prepare  a  list  of  questions  to  be 
answered  as  study  progresses 

1-28*1  "Tlie  reasons  why  suggestions  4  and' 7' are 

.  inoluded  in  the  list  of  study  suggestions 
y    given  in  your  textbook  is  that  l^i  follow- 
'  'ihlfe  them  you  ^ 

1.  write  an  outline  of  the  manual  which 
f.  -      ^     will  be  a  valuable  reference  for 

future  study 

2.  are  able  tb  peg  each  subject  to  an 
Individual  qualification  as  given  in 
the  "Quals"  Manual 

3.  are  able  to  separate  the  military 
qualifications  from  the  t/rof essional 
qualifications  in  the  textbook 

4.  familiarize  yourself  with  the  aims  and 
contents  of  the  mnii^  and  relate  the 
subject  areas  to  your  past  experiences 
thereby  creating  an  excellent  learning- 
situation  / 


Learning  Objective:  Recognize 
proper  procedures  for  the  issue 
and  tum-rin  of  tools,  and  the 
importance:  of  tool  inventory^'.  ^ 


1-31.    The  issuing  of  tools  to  an  ASM  Is  the  • 
responsibility  of      .      .  ^ 

1.  the  shop  chief 

2.  the  division  chief 

3.  repair  shop  personnel 

,    4.    toolroom  perspnnel  «  ' 

1-32.    Upon  completion  of  a  job,  what  main  purpose  . 
is  served  by.  the  reinventory  of  tools 
t4ken  to  t^e  job? 

1.  It  aic.s  in  keeping  track  of  , tools 
issued  .       ,  \     v.^  ' 

2.  It  is  a  check  for  tools  against  tl)e 
toolroom  allowance 

3.  It  is  a  check  for  tools  left  within  or 
around  the "Equipment. 

4.  Itprovidea  a  check  of  tools  that  are 
on  temporary  , custody 

1-33.    When  a  repair  Job  whi^ch  requires  the  use. 
of  a  special.^^|l^l  fori  several  days  is  in 
progress,  whet(*^should Ithe  >l;ool  be  returned, 
to  the  toolroom?  \  • 

1.  As  directed  by  the  division  chief 

2.  Iimnediately  after  the  GDI '  has  completed 
his  inspection  : 

3.  After  QA  has  inspected  and  approved  the' 
repairs      >     .  ■  ' 

4.  When  the  j'pb  is  completed  or  at  the 
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end  of  the  day 

■f 


Learning  Objective:  Identify 
various  types  of  handtools,  .their 
operating  and  design  character- 
istics >  and  their  proper  uses 
and  care. 


1-34.    For  which  of  the  following  operations  are 
diagonal  pliers  best  suited? 

1.  Grasping  cylindrical  objects 

2.  Cutting  objects  flush  .with  the ^surface 

3.  Bending  heavy  gage  material. 

4.  Straightening  bent  cotter  .pins  \ 

1-35.    What  advantage  does  a  6-point  socket  have 
over  a  12-point  socket? 
1.    It^has  a  6-point  drive 
?      Each  of  its  flats  allows  a  30-':legree 
:.urnlng  movement 

3.  It  is  not  subject  to  as  much  wear  when 
used  on  stainless  steel. nuts 

4.  It  needs  to       swung  only  half  as  much 
before  it  is  lifted  and  fitted  for  a 
new  grip 

1-36.    The  size  of  6-point  and  12-point  socket 
openings ^are  graduated  in  increments  of 

1.  l/16"in. 

2.  1/8    in.  •  .  V 
.3..  1/4^  in. 

4.     3/8  Vin.  .  .  .  , 

.         Items  1-37  and  1-38  refer  to  the  following 
-    -socket; wrench  handles. 

A.  *    Speed  handle 

B,  -    Ratchet  handle 

•     C.     Sliding  T-bar  handle 
D.    Hinged  handle 


1-40.    When  a  tiut  is  turned  with  an  adjustable 

wrench,  which  of  the  following  procedures 
should  NOT  be  used? 

1.  '  Setting  the  jaw  to  grip  the  nut  firmly 

2.  Gripping  the  nut  in  the  throat  the 
jaw 

3.  Drawing  the  handle  toward  the  adjust- 
able jaw  . 

4.  Using  a  pipe  extension  for  more  lever- 
age " 

1-41.    A  damaged  common  screwdriver  may  be 
repaired  by  the  use  of  a/an 

1.  file  ' 

2.  emery  wheel 

3.  whetstone 

4.  oilstone 


1-42.    Using. a  Reed  and  Prince  or  Phillips  screw- 
driver on  che  wrong  type  of  screw  will 
damage  the 

1.  work 

2.  screwhead 

3.  screwdriver 

4.  worker 

1-43.    For  a  bolt  to  hold  tight  enough  and  NOT 

break  when  pressure  is  exerted  against  It, 
it  must  b£  properly  tightened  by  a  f 

1.  socket  wrench 

2.  .  box-end  wrench 

3.  torque  wrench 

4.  open-end  wrench 

Kefer  to  table  2-1  in  your  textbook.  Six 
^r.ace-inches  of  torque  equal  how  many 
gram-aentimeters  of  torque? 

1.  12 

2.  24 

3.  216 

4.  -  4l2. 


1-37. 


1. 
2. 
3. 
4. 


'  handle  has  a  built-ir.  reversible 
«re? 


1-38. 


,  In  order  to  remove  a  nut  in  a  hurry  util- 
izing A,  the  nut, should  first  be  loosened 
by  using 


1.  B  only 

2.  B  or  C 

3.  D  only 

4.  B,  C,  or 


only 


1-39. 


Which  of  the  socket  wrench  accessories 
illustrated  in  figure  2-2  of  your  textbook 
should  you  use  to  turn  a  1/4-inch  square- 
drive  socket  with  a  378-inch  square  drive 
handle?  '  , 

1.,  Adapter 

2.  Extension  bar  - 

3.  Universal  joint 

4.  Universal  socket 


1-44. 


1-45. 


1-46. 


Which  type  of  torque  wrench  can  be  preset 
to.  tl^e  desired  torque? 
1.    Deflecting  beam 
.2.    Micrometer  setting 

3.  Rigid  frame 

4.  Dial  indicating    \  ' 

To  determine  the  proper  tprque  tc  appJ.y 
to  a  fastener J  to  what  publication  should 
you  refer?  ^ 

1.  The  maintenance  manual  for  the  equip- 
ment . 

2.  The  torque  Value  conversion  table 

3.  The  torque  wrencVi  calibration  instruc- 
tion 

4.  The  torque  wrench  accuracy  range  table 


1-47. 
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How 

often 

should  a  torque  wrench  be.  tested? 

1'. 

Every 

15  days  . 

2. 

Every 

25  days 

3. 

Every 

30  days 

4. 

Every 

60  days                                ,  " 

ERIC 


1-48.    What  type  of  hammer  or  mallet  should 

.  normally  ^e  used  to  straighten  thin  sheet 
metal  ducting? 

1.  Ball  peea  hammer 

2.  Plastic  mallet 

3.  Rawhide  mallet 
4 •    Metal  hammer 

1-49.    If  a  hardened  steel  surface  must  be  struck 
and  a  soft  hammer  is  NOT  available/  the 
surface  should  be  protected  by  a  piece  of 
■  1 .    copper  only 

2.  copper  or  brass  only 

3.  brass  or  lead  only 

4.  copper,  brass ^  or  lead 


In  items  1-50 . through  1-53  concerning  holding 
tobls,  select 'from  column  B  the  pliers  associated 
with  each  statement  listed  in  column  A. 


B.  Pliers 

1.  Duckbill 

1\  Needle- 
nose 

3 .  Ohannel- 
lock 

4.  '..-Vise  grip 


A»  Statements 

1-50.    Can  be  clanged  and  locked 
in  position  by  pulling  the 
lever  toward  the  handle 

1-51.  Suited  for  use  in  confined 
areas  where  fingers  cannot 
be  used      .  ^ 

1-52.    Contains  coarse  jaw  teeth 
£o^  grasping  cylindrical 
rejects 

1-53.    Contains  a  side  cutter 

'\  .  near  the  throat  and 
^^^^     serrations  ii^ar  the  nose 

^^•end 


1-54.    What  tool  U\  designed  to  retrieve  small 

objects  fro^D  places,  that  are  inaccessible 
by  hand? 

1.  Mechanical  fingers  ' 

2.  Needle-nose  pliers 

3.  Slip- joint  pliers 
.4.    Duckbill  pliers 


\ 


1-55.    If  a  four-cycle  engine* a  speed  (rpm)  is 
obtained""  by  holding  the '  tip  of  a  manual 
tachometer  against  the  camshaft,  the  speed 
is  read  as 

1.    four  times  the  pointer  indication  on 
the  dial 

2*    twice  the  point:er  indication  on  the 
dial 

3  •    the  poir       indication  on  the  dial 
4 •    half  the  pointer  indication  on  the 
dial  ^ 

1-56.    When  used  on  a  gasoline  engine,  where  is 
the  electric  tachometer  connected? 

1.  To  the  p^imar^  circuit 

2.  To  the  secondary  circuit  - 

3.  To  the  battery  circuit 

4.  To  the  number  one  spark  plug 

1-57*    When  the  compression  tester  is  used,  how 
man^'engine  revolutions  are  necessary  to 
check  the  proper  functioning  of  the  rings, 
valves,  and' flaskets? 
II  One 

2.  Two  .  - 

3.  Three  ^  \ 

4.  Four  ^  ^ 

1-58.    Trouble  which  must  be„^ corrected  before  t 
satisfactory  engine 'p^^^prmance  can  be 
expected  is  indicated  if,  after  connecting 
a  cylinder,  leakage  tesCer  to  a  cylinder, 
you  caii  hear  air  escaping  through  the 

1.  carburetor  only    ^    '  ~ 

2.  .  exhaust .pipe  or  the  carburetor  only 

3.  crankcase  filter  pipe  only 

4.  exhaust  pipe,  carburetor ^  or  crankcase 
filter  pipe 

1-59.    When  a  vacuun  gage  Is  used,  which  o^*  the 
following  rules  must 'be  adhered  to  in 
order  to  obtain  an  accurate  reading? 
1.    The  gage  must  be  placed  or  held  in  a  ' 
'    ..vertical  position 
'  -       2.  '  Tho  .  onnection  between  the  intake 

manifold  and  the  gage  must  be  loose 

3.  All  restrictions  or  dirt  must  be  .  " 
removed  from  the  intake  manifold. and 

  gage  openings  »^  " 

4.  The  engine  must  be- turned  over  one, 
revolution 


Learning  Objective:    Relative  to 
special  tools  and  equipment  util- 
ized by  the  ASM,  identify  uses  and 
operating  characteristics/ technique&t . 


In  items  i--60  through  1-63  concerning  the  use  of 
the  vacuum  gage  to  diagnose  engine  trouble » 
select /the  malfunction  from 'column  B  that  causes^ 
each  gage  Indication  listed  In  column  A*. 


^/     /X*  Indications 

-60 •    Reading  changes 

slowly  between  14 
and  16  Indies 


B,  Malfunctions 

1.     Compression  leak^ 
past  the  piston 
rings  1-66, 


1-61,    Reading  of  15  Inches    2,    Valve  timing 


when  cruising  at 
"  40  Aph 

1-62,,  Steady  reading  o^ 
10  Inches 

1-63*    Bouncing  reading 

from  normal  to, below 
normal  and  back 


Incorrect 

3.  Improper  carbu- 
retlon  at  Idle 

4,  Sticking  valve 


i-,64.    Although  smoke  from  an  oil  burning  engine  ' 
does.  NOT  materially  affect  the  reading  of 
the  exhaust  gas  analyzer,  continued  use  of 
the  analyzer  on  oil  burning  engines  will 

1.  dull  Iti  sensitivity  ' 

2.  cause  Irreparable  corrosion  problems 
•3.    short  out  the  anaj.yzer 

4.    require  replacement  of  the  'analyzer  . 


1-65.    Which  of  the  following  resistance  creating 

devices  may  be  used  as  a  dynamometer  to 
>  absorb  energy? 

1.  .A  hydraulic  cylinder 

2.  An  electric  armature  revolving  In  a 
r  magnetic  fl«ld 

.3,    A  fan  revolving  In  compressed  alr^ 
-  4*    A  mechanical  spring 


Which '^of  the  following  statements*  concern- 
ing the  chassis  dynamometer  Is  INCORRECT? 
1*     Its  use  eliminates  the  Interference  of 
body  noise 

2,  It  can  be  used  to  test  and  adjust  auto 
matlc.  transmissions 

3.  It  can  be  used  to  •test  an  engine  with- 
out remoyipg  the  engine  from  the 
vehicle      '  ' 

;4,     It  can  be  used  to  balance  the*- front ' 
end  '  '        '  " 


1-67.    Where  1^  'the  ignition  light  hooked  up  for 
checking  the  timing- on  pn  engine?' 

1,  To  the  number^ one  cylinder 

2,  Xo  the  number  two  cylinder 

3,  'To  the  number  three,  cylinder 

4,  '   To  the- number  four  cylinder 


J 
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Assignment  2 


Tools  and  Lifting  Services  and  Aviation  Support  Equipment, 


Text:    Pages  43-81 


Learning  Objcr':ifve  -(Continued):  Rela- 
tive f     speci.vl  tools  and  equipment 
utilized  by  the  ASM,  identify  operating 
an<r  design  characteristios>  operating 
techniques,  and  uses.  * 
■  > 


2-6.    The  final  process  of  fitting  a  newly  ground 
valve  and  seat  consists-  of  rubbing  the  valve? 
seating  face  against  the  valve  seat.  This; 
-is  accomplished  by  using  a 

1.  valve  guide  \  .    s,  . 

2.  *   valve  lapper 

3*  v  valve  refacer  ^       .      \  " 

I  4.  •  self-rcentering  valve  guide  pilot  ^ 


2-^.  In  addition  to  removing  small  pits  or  birns 
ffom  the  faces  of  valves,  the  valVe  refacer 
can  also  be  used  , to 

1.  square  tappets 

2.  square  valve|  stems 

3.  grind  push  rods 

/       4.     grind  valve iseats  .     "  ^ 


2-7y    If  a  valve  spring  is  used,  that  does  NOT  meet, 
the  tension  requirements  listed  in  the         •  . 
engine  manufacturer's*  manlial,  which  of^  the  - 
following  would.  NOT  result?       %  ' 
1.    Undue  wear  on  the  valve  operating 

mechanism  * 
?.    The  valve  may/not  seat  properly 
.3.    The  valve  may  burn 
...   4.    An  elongated  valve     ^        /  , 


In  items  2-2  through*  2-5,  select  from  column  B 

th^  components  of  valVe  seat  grinders  that  are," 

associated-  with  each  statement  listed  in  column 

A.-  7  ■     ■      ^    ■  " 


A.  Statements. 

.  I 

2-2.    They  are  available  in  \ 
three  grades— ifor  cast 
iron,  hard  st^l,  and 
finishing  ^ 

•  ■  .  \  ■■ 

2-3.    They  are  threaded  on 
one  end  for  attaching 
the  stone  i 

2-4.    They,  provide  a{  rigid 
axis -for  the  gtinding 


2-5. 


stone  sleeves 


They  incorporate  a 
positive  yibrajfing 
action  <tq  minimize 
stone  loading,,'  speedup 
grinding,  and  Reduce 
stone  wear 


•  ] 


B.-  Components 


2. 


3. 


Drivers 

Valve 
guide  ► 
pilots  ^ 

Valyj  seat 
grinding 
stone 
sleeves 

Valve  seat 

grinding 

stones 


2-8,    What  tool  is  used  when  the. valve. spring 

retaining  locks  are  removed  from  the  valve 
stem?  >       .  ,  ^ 

1.  Valve  spring  tester 

.1.     Self-centering  valve  guide  pllot-*^ 

3.  Valve  spring  comgtessor     ^  ^  \ 

4.  Valve  retaining^pimch    ^  >^ 

2-9.    When  the  spark  plug  cleaner  is  used,  sanB 
is  air  blasted  against  the  electrode  end 
of  a  spark  plug*  to 
J  1-.    ^'eilminate  high-pressujfe  plug  firing 
^  *  failure. 

2.  remoye  the^  cleaning  lio-lvent 

.3:     elimifeft  tog^small      gap  between 

,  ,  electrodes 
4.     remove  carbon  deposits  . 


2-lQ. 


47-;) 


which  of  the  f ollowirig>^tatements  concern- 
ing air  compressors  is  correct?  -  ' 

^^^A  gasoline  driven  ^.ompressor  is  usually 
placed  inside  the  shop 
A^ governor  controls  the  unloader  .vdlve 
^of.  a  gasoline  driven  compressor  • 
A  pressure/ of  80  psi  is  normally  the  <. 
maximum  pressure  setting  of  the  auto- 
matic control  *^ 
A  han^d  .t.btottle  controls  the  automatic 
inderjoader  valve  on  the  compressor 


1. 
2. 
3. 


€ 


r 


V 


.1.. 


2-11.  ,  Which  of  .the  followitvg  statements  concerh--" 
ing  permanently  installed  lubrica**bn 
equipment  is  INCORRECT? 

1.  High-pressure  lines  carry  the  lubri- 
cants from  the  cojitainers^  to  t'.ie  guns 

2.  Switching  a  slot  pin  in  the  hahdle  of 
the  gun  will  determ'ine  whether  high- 
or  low-pressure  will  be  delivered 

3.  Pepnanent  installations' can  be  used 
for  chassis  lubricants,  gear  lubrl- 

0  cants,  automatic  rvansmission  fitiids, 

and  air  ^      ■  . 
-    A.    Air-operated  pumps  are  .^Located  on  the 

lubricant  containers 

2-12.    Refer  to  figure  2-45  in  jrour  textbook. 
This  installation  is  NOT  equipped  to 
handle  which  of  the  following  kinds  of 
*  *  lubricants? 

•1.    Gear  lubricants 

2.  '  Chassis  lubricants 

3.  Automatic  transmission  lubri/^ants 
•  A'  ^Povrdered  graphite    ,  ^ 


■I 


In  items.;  2^13  through  2-16  refer  to  figures  2-49 
through  2-31  and  2-53  in  your  > textbook.  •  Sele^*' 
the  compc^h^nts  listed  in  coluihn  B  that  maV.'f.  u;fi 
each  puiliet:  listed  in  column  A. 


2-13.^ 


2-14. 


2^15. 


2-16. 


A.  Pullers 

_  '. — 

^Universal 
H^aringL  and 
bu|fiingH. 

.  p^uller  ^ 

Pusli  and 
puJU  puller 
setS^' 

Universal 
wheel 
puller  set 

Slide  hammer 
puller  set  — 


B.  Components 


1. 


2. 


"^i-l?.  ^^Wfer  to  figure  2^6.^   Wh^n  the  universal 
push  and -puller  set  is  u/^d  to  remove  a 
camshaft  gear^from  ah  ^glrte  without 
removing  the  camshaft^  the  tightening^ 
force  i^fSa:>plied  to  the  . 

1.  case 

2.  engine'        -  ,  "  ^ 
camshaft  -  ■ 

^4\  *  cam§Ja^6>^ear 

'2-18.    Refer  to  figure  2-57.    When  the  universal 
push  and  puller  set  is  used  to  remove  a 
bevel  pinion  shaft^ from' a  transmission, 
^      the^  tightening  force- is  appV'.ed  to  the 

1.  bevel  gear        .  4< 

2.  pinion  shaft  .  . 

3.  transmission  case  ^    .  '  ' 
4^     cam  ge^r  ** 


/ 


2-19.  '^ilefer^to  figures  2^.52  and  2-60  in  your 

textbook.    wk3t  component  at  the  cVlinder 
sleeve  pyller^is  adjustable!  to  the  posi- 
tion'of-  the  cylinder  head  ^tuds  and  Is  . 
used  to^cienter  the  tool  in  the  cylinder?^ 
^1.    j\daptor  plate 
/*v\   2.    Forcing"  screw  .  ' 

3.    Three^ay  head   .      .  ,  .* 

^  ^  4.    Extension  and  swivel  assc  bLy 


A  pressure  'screw  with 
slide  ^ar,^  a  U-shaped 
body,  a  jaw  holder, 
two  ^arge  jaws,  two 
small  jaws,  and  two  ' 
jaw  pins 

A  two-  and  three-way 
yoke,  three  nedium 
jaws,  two  small  jaws, 
and  a  locking  feature 

A  body  an4  drive 
assembly,  'three  long 
jaws,  a  special 
grooved  hub  set,  and 
t.'ipered  right- ^  and 
left-hand  threaded 
stud  nuts 

A  13  1/2-inch  steel 
slotted  bar  to  receive 
j>air8  of  legs ,  of 
various  lengths »  a  1- 
inch  threaded  pressure 
sicrew  13  inches  long, 
and  numerous  attach- 
ments and  adapters 


,  Leaftiing*  Ob^ect.ive:  Recogni^  the 
different  typ^s  of  lifting  devices 
and  th^r  characteristi'cs  anfi  uses. 


/ 


In  items: 2-20  through  2-22,  select  from'column  B 
the  type"of"'jack  that^is  best  suited  for  each 
situation  listed  in  column  A. 


-ri         A.     Situations  *  ,7 

2-20.    The  required  capacity  is 
small '  7 

2-i!Tr.  The  required  capacity  is 

great  and  the  extended 
heights  vary 

2-22.    Parts  are  to  be  pclied 

together  or  pushed  apart 


B. 


^acks 
 1 


1. 


3. 


Rack  bar 
or  screw 

Outr 


Vertical 
hydraulic. 


-23. 


EKLC 


Which  of  the  following  type^  of  jacks  can 
be'  used  to  perform  the  greatest  number  of 
different  types  of  operations? 
l.»  Vertical  hydraulic 
Im    Push-pull  hydraulic 

3.  Vertical  screw. - 

4.  Outrigger. screw 


2-24.     Of  the  hoists  listed,  what  is  the  correct 
descending  order  of  efficiency? 

1.  Screw  gear  hoist,  spur  gear  hoist, 
and  differential  hoist 

2.  Spur  gear  ^loist,  screw  gear  hoist, 
and  differential  hoist 

3.  Spur  gear  hoist,  differential  hoist, 
and  screw  gear  hois/t 

4.  Differential  hoist,  screw  gear  hoist, 
and  spur  gear  hoist 

2-25.     As  a  safety  measure,  which  part  of  a  hoist 
is  intentionally  built  the  weakest  and 
requires  close  observatM.on  for  signs  of 
over  loa'dlng? 

1.  The  chain 

2.  The  shell  of  the  upper  block 

3.  The  lower  hook 

4.  The  upper  hook 


Learning  Objective:     Indicate  safety 
precautions  to  be  followed  in  per- 
forming tasks  with  tools,  and  results 
if    these  precautions  are  NOT  fol- 
lowed. 


2-26.     Should  gasoline  or  other  flammable  liquid 
\  be  spilled  on  the  shop  floor,  which  of 

\  the  following  procedures  is  NOT  recom- 

\  mend  ed  ? 

\  1.     Turn  on  the  exhaust  fan  or  open  all 

\  .  doors  and  windows  to  dispel  vapors 

\        2.     Wipe  up  the  liquid  and  dispose  of  the 

rags  in  a  covered  container 
\       3.     Cover  the  spot  with  sweeping  compound 
\  before  sweeping  it  up 

4.     Flush  with  water 

2-27^^^  Compressed  air,  when  used  for  power  tools, 

\  is  classified  as  a  possible  hazard  because 

*  1.  the  compressed  air  may  be  contaminated 

\  2.  at  close  range  compressed  air  can 

I  bruise  or  otherwize  injure  the  body 

1  3.  compressed  air  can  expand  tolerances 

'   1  within  the  tool  and  raake.it  a  hazard 

\  4.  it  may, be  used  inside  buildings 


2-28.  j  Smoking  should  be  perjnitted  in  a  shop  only 

I  if  ■  ■ 

1 1.  the  weather  does  not  permit  smoking 
;  outside 

12.  smoking  areas  are  marked  off 

13.  the  windows  and  doors  are  open 

4.     there  are  no  flammable  -materials  in 
the  shop 


2-29. 


Learning  Objective:  Identify  types, 
uses,  capabilities,  and  characteris- 
tics of  aviation  handling  equipment. 


\^ich  of  the  following  types  of  handling 
equipment  used  in  the  support  of  naval 
aviation  is  NOT  the  rebponsibility  of  the 
ASM? 

1.  NS-60  cranes 

2.  Tow  bars  and  tow  tractors 

3.  Chocks  and  tiedowns 

4.  B  &  H  cranes 


In  items  2-30  through  2-33,  select  from  column  B 
the  tow  tractor  that  has  each  characteristic 
listed  in  column  A. 


A.  Characteristics 


2-30.     It  has  a  drawbar  pull  of 
8,500  pounds 

2-31.     It  has  a  gross  weight  of 
25,800  pounds 

2-32.  It  has  a  pushbutton-* 
controlled  automatic 
transmission 

2-33.     It  has  a  rear-mounted 
gas  turbine  compressor 


B.  Tow 

Tractors 

1.  -TA-18 

2.  MD-3A 

3.  TA-75 

4.  MC-2 


2-34.    Which  of  the  following  tow  tractors  exerts 
the  greatest  drawbar  pull? 

1.  MD-3 

2.  MD-3A 

3.  TA-18 

4.  TA-75A 

2-35.    Where  can  you  find  information  concerning 
the  correct  tow  bar  to  be  used  with  a 
particular  aircraft? 

1.  The  Aircraft  Flight  for  that 
type  of  aircraft 

2.  The  handbook  for  the  type  of  aircraft 
tow  vehicle  to  be  used 

3.  The  manufacturer's  iniitructions  for 
that  "type  of  aircraft 

4.  The  aircraft's  "Yellow  Sheet" 
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2-36.    The  universal  chock  used  aboard  aircraft 
carriers  is  adjustable  to  fit  any  landing 
gear  wheel  up  to  a  maximum  of  how  n\any 
inches  in  diamter?  » 

1.  45  in. 

2.  47  in. 

3.  50  in. 

4.  55  in. 

2-37.    What  is  the  most  common  type  of  tiedown 
used  aboard  aircraft  carriers? 

1.  Hurricane  tiedown 

2.  TD-IA 

3.  TD-4 

4.  Wire  rope 


In  items  2-38  through  2-43,  select  from  column  B 
the  mobile  crash  crane  that  has  each  character- 
istic listed  in  column  A. 

A.     Characteristics  B .  ash 

^   Lies 

2-38.     Designed  for  lifting,  maneu-  1. 
vering,  and  removing  crashed 
aircraft  from  air  station  2.  MB-IA 

runways  and  surrounding 
areas 

2-39.    Designed  to  lift  and  carry 
crashed  aircraft  on  the 
flight  deck  of  aircraft 
carriers 

2t40.     Operated  by  ac  power  and 
moved  by  dc  power 

2-41.     Operated  by  ac  power  and 
moved  by  a  prime  mover 
powered  by  a  diesel  engine 

2-42.     Equipped  with  electrically- 
controlled  multiple  disc 
brakes 

2-43.     Equipped  with  pneumatically 
air-controlled  disc  brakes 


Learning  "  jtctive:    Recognize  capa- 
bilities      1  operating  characteris- 
tics of  ^.     nu  support  equipment, 
including  applicable , maintenance 
procedures  and  safety  precautions. 
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2-44.    Which  of  the  following  electrical  power 
units  is/are  self-propelled? 

1.  .NC-2A  only 

2.  NC-10  and  NC-12  only 

3.  NC-2A  and  NC-12  only 

4.  NC-2A,  NC-10,  and  NC-12 

2-45.    Wliich  electrical  power  unit  is  designed 

for  Starting  aircraft  aboard  a  carrier  in 
case  the  deckedge  power  is  disrupted?i 

1.  NC-2A 

2.  NC-5 
,  3.  NC-10 
\  4.  NC-12 

2-46.    The  NC-2A  is  powered  by  a/ an 

1.  gasoline  engine 

2.  electric  motor 

3.  diesel  engine  ^ 
,        4.«    hydraulic  pump 

2-47.    The  front  axle,  28  vdc  motor  is  capable 
of  driving  the  NC-2A  up  to  a  maximum 
speed  of 

1.  ..  5  jnph 

2.  10  mph 

3.  14  mph 

4.  24  mph 

2-48.    How  many  cylinder-s  does  the  NC-8A  diesel 
,   .        engine  have? 
1-  >  Six 

2.  Two 

3.  Three 

4.  Four 

2-49.    What  does  che  NC-lOB  furnish  to  an  aircraft 
for  power? 

1.  90  kva,  120/208  vac,  3  phase,  400  Hz 

2.  60  kva^20/208  vac,  3  phase,  400  Hz 

3.  30  kv^ilO/200  vdc,  3  phase,  200  Hz 

4.  30  kva,  110/200  vac,  2  phase,  400  Hz 

2-50.    Motor  generator  assemblies  supply  ac  and 
dc  power  for  aircraft  servicing  and 
component  testing.    This  power  must 
possess  what  characteristics? 

1.  High  voltage  and  high  current 

2.  High  voltage  and  low  current 

3.  Low  voltage  and  high  current 

4.  Low  voltage  and  low  current 

2-51.    The  various  types  of  forklift  trucks  which 
the  ASM  may  be  required  to  maintain  will 
be  powered  by 

1.  gasoline  engines  only 

2.  diesel  engines  only 

3.  electrical  engines 

4.  either  gasoline  or  diesel  engines 
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2-52.    What  restrictions,  if  any,  are  there  with 
reference  to  personnel  operating  fork- 
lifts?  • 

1.  The  operator  must  have  20/20  vision 
(corrected) 

2.  The  operator  must  be  a  rated  man 

3.  The  operator  must  be  licensed 

4.  .  None;  anyone  may  operate  a  forklift 

2~53.    The  two-cylinder,  air-cooled  engine  of  the 
NPH-3  portable  preheater  drives  the 

1.  vehicle 

2.  generator  only 

3.  ventilating  air  blower  only 

4.  genera^.or  and  air  blower 

2-54.    Air-conditioning  units  are  identified  by 
which  letter  designation? 

1.  NC 

2.  AC 

3.  NR 

4.  NB  • 

2-55.    An  :ni-5C  air  conditioner  is  used  to  cool 
an  aircraft's 

1.  engines 

2.  exhaust  gases 

3.  cabin 

4.  generator (s) 

2-56.     The  NR-5C  is  powered  by  a/an 

1.  diesel  engine 

2.  eloctric  motor 

3.  gasoline  engine 

4.  set  of  batteries 


2-61.    Should  mechanical  or  hydrai^lic  failure  of 
the  4?A  weapons  loader  ^pccur,  the  load 
will  '  \ 

1.  slowly  lower  to  the  "at-rest"  position 

2.  rise  to  the  highest  position 

3.  automatically  set  the  parking  brake 

4.  remain  stationary 

2-62.    Which       the  "following  Btatements  about 
the  V-36  airfield  maintenance  truck  is 
INCOR'.<hCTV  -  • 

1.  Tt  has  a  coil  and  distributer  type  of 
ignition  systan  . 

2.  Its  air-cooled,  34-horsepower  engine 
has  four  cylindars 

3.  Both  its  transrdssion  ar,d  steering  are 
manually  opera-ed 

4.  It  has  pneumatically-operated  shoes  . 
located  in  the  front  wheel  brake  drumSy 

2-63.  The  P-36  airfield  maintenance  truck. is/ 
better  suited  for  use  on  paved  surfaces 
than  on  nonpaved  surfaces-  because  of  its^.;^/ 

1.  air-cooled  engine 

2.  open  operator *s  compartment 

3.  five-inch  clearance 

4.  34-horsepower  engine 

2-64.    What  is  the  purpose  of  oil  being  sprayed 
on  the  underside  of  the  pistons  in  the 
engin'i?  ^ 

1.  To  increase  oil  flow 

2.  To  assist  in  piston  cooling 

3. "    To  increase  piston  heating 

4.  To  increase  engine  speed 


2-57.    Gas  tdrbine  power  units  are  <^Tiv<;n  by-  2-65. 

1.  diesel  engines 

2.  gas  engines  v  ;^/> 

3.  electric  motors 

4.  gas  turbine  engines 

2-53.    What  do  the  gas  turbine  units  used  in 
ground  support  equipment  supply? 

1.  Air  for  aircraft  starters 

2.  Refrigeration  for  aircraft  cabins  2-66. 

3.  Power  drive  for  tow  tractors 

4.  Refrigeration  for  pilot  comfort 

2-59.    What  are  the  two  pressures  of  compressed 
air  supplied  by  th^  NCPP-105? 

1.  5:2  and  3:0 

2.  5:1  and  3.6:1 

3.  5:1  and  3.6:3  2-67. 

4.  5:1  and  5.6:3 

2-60.     How  are  the  lifting  and  handling  functions 
of  the  47a  weapons  loader  powered? 

1.  Electrically  only 

2.  Mechanically  only 

3.  Hydraulically 

J         4.     Electrically  and  mechanically 


What  will  NOT  decrease  the  warmup  time  and 
maintain  the  proper  operating  temperature 
of  the  engine? 

1.  The  regulator  valve  in  the  water. jacket 

2.  The  thermostatically  controlled  radia- 
tor shutters 

3.  The  NPH-3  portable  preheaj^r 

4.  The  heat  riser 


The  MB-5  has  a  semiautomatic  transmission 
that  provides  (a)  how  many  speeds  forward 


and 

(b) 

how  many 

1. 

(a) 

4     (b)  2 

2. 

(a) 

3     (b)  1 

3. 

(a) 

4     (b)  1 

4. 

(a) 

4     (b)  4 

When  the  transmission  is  in  low  gear,  at 
what  speed  should  the  engine  be  running  , 
before  shifting  to  the  next  higher  gear? 

1.  2,200  rpm 

2.  2,300  rpin 

3.  2,400  rpm 

4.  2,500  rpm 


2-68. 


How  many  ways  can  the  auxiliary  generator 
be  started? 


1. 

One 

2." 

Two 

3. 

Three 

4. 

Four 

2-69.    What  Is  the  "using"  division  onboard 
carriers? 

•  ,„_JL. — -V-l^-divis  ion  — 2>sv~_  


2-72.    The  AHT-63  test  stand  _l8.  capable  of  clrcu- 

.layjjg_J.3-gal-lons^of --"hydr  aulT^  per 
— —      ^ minute  through  the  system  at  a  pressure  of 
1,     1,000  .psl  ■  ' 

3,000  psl 
3,500  psl 
5,000  psl 


2. 
3. 


2-70. 


2-71. 


2. 
3. 
4. 


V-2  division 
GSE  division 
V-4  division 


The  hydraulic  test  stand  Is  connected  to 
the  aircraft*s  hydraulic  systems  by  » 
1.     quick  disconnects  ^ 
^.    b-4  nuts  ■  ^ 

3.  bayonet  fittings 

4.  plug  Ins 

What  type  of  pump  does  the  AHT-63 
hydraulic  unit  have? 

1.  Rotary . piston 

2.  Axial  piston 

3.  Gear  rotary  , 

4.  '    Axial  gear 


2-73.    The  gasoline  engine  that  powers  the  steam 

 cteane^^^jnsf era^J^ts^^ower^ to  the  pumps, 

magneto,  and  fan  via  a  ~-  

1.  V-belt 

2.  direct  coupling 

3.  geared  coupling 

4.  .fluid  drive  assarably 
^•1  ^  . 

2-74.   ^What  fuel  is  used  in  steam  cleaners  to 
heat  the  cleaning  compound? 

1.  Kerosene. 

2.  Diesel  fuel 

3.  Aircraft  gasoline 

^  4.    Automotive  gasoline 

2-75.    The  portable  dry  honing  machine  is  pri- 
marily used  with  ^  -  '* 

1.  ground  suppo^'t  equipment 

2.  aircrafw  and  aircraft  components 

3.  hoisting  slings 

4.  ordnance  support  equipment 
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Assignment  3 


Aviation  Support  Equlpmentt  Physins 
Text:    Pages  82  -  106 


3-1. 


Learnings  Objective  (Continued): 
Recognize  capabilities  and 
operating  characteristics "of 
ground  support  equipment,  includ- 
ing applicable -maintenance 
procedures  and  safety  precautions. 


What  type  of  abrasive  should  be  used  in 
the  dry  honer.on  metal  that  will  corro- 
sively react  with  aluminum? 
^i:    Soft  grit 
'2.    Glass  beads 
3.    Aluminum  oxide 
A.  Sand 


3-A. 


3-5. 


3-6. 


3-2.    The  dry  honing  machine  operates  satis- 
factorily on  air  pressures  and  flow  ranging  ^ 
from 

1.    80  to  90  psi  and  70  to  80  cubic  feet 
per  minute 

2..  80  to  100  psi  and  80  to  90  cubic  feet  3-7. 
per  minute 

3.  90  to  100  psi  and  60  to  70,  cuMc  feet 
pr.r  minute 

4.  100  to  110  psi  and  90  to  100  cubic  feet 
per  minute 


ing  witlj  the 
iv  ss  of  at^rasivies? 
/e  must 

«n  is  raised  from 


3-3.    What  must  be  done  whe*" 
dry  honer  to  prevent 

1.  The  blast  contro 
released  before  .. 
the  surface  ^ 

2.  The  blast  cont^rol  valve  must  be 
released  before  the  gun  is  pressed 
to  the  surface\  ' 

3.  The  blast  contrbjl  yalve  must  be 
released  at  all  Hmes 

4.  The  blast  control  valve  must  be  closed 
at  all  times 


3-8. 


3-9. 


Inasmuch  as  the  P5R  air  compressor  can  be 
used  to  charge  both  lowland  high-pressure 
aircraft  pneumatic  systems,  what  is  the 
charging  range  of  the  air  compressor? 

1.  0  to  .1,000  psi  '  . 

2.  0  to  2,500  psi 

3.  0  to  3,000  psi 

4.  0  to  5,000  osi 

The  P5R  air  compressor's  engine  speed  is 
controlled  by  what  type,  of  governor? 

1.  Vacuum 

2.  Mechanical 

3.  Centi^fugal  flyball  ' 

4.  Hydrauli^ 

The  unpowered  crvck  dollies  av^  cocim'only 
referred  to  as 

1.  tractor  dollies 

2.  crash  dollies 

3.  vehicle  dollies 
.4..  aircraft  dollies 

Relative  to  the .maintenance  of  unpowered 
trailers ,  dollies,  and  carts..  ASMs  are 
responsible  for  which  of  the  following 
tasks? 

1.  Repair 

2.  Lubrication 

3.  Component  replacement 

4.  Painting 

Movement  and  spotting  of  an  aircraft  where 
very  little  maneuvering  room  is  available 
can  best  be  accomplished  by  the  use  of  the 

■1.  MD-IA 
2.  .MD-3 

'3.  SD-ID 

-4.  TD-IA 

What  must  you  do  to  the  handle  at  the 
end  of  the  control  arm  of  the  SD-ID  air- 
craft spotting  dolly  to  control  the  forward 
and  backward  movements  of  the  dolly? 

1.  \Push  it  to  the  right  or  to  the  left 

2.  Push  it  forward  or  pull  it  backward 

3.  Depress  or  raise  it 

4.  Twist  it 


4-  O  O 
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3-10. 


What  is  the  maximum  lifting  weight  of  the 
S^iD  spotting  dolly?  •r,'* 

1.  16^000  lb   '    

2.  26,0(J0  lb 

3.  36,000  lb 
A.    '2»6,000  lb 

What  equipment  should  be  used  when  an 
'  entire  aircraft  Is  to  be  jacked?^, 

1.  Tripod  jacks  , 

2.  Slngle-baafi_4acka_ 


3-12. 


3-13. 


/ 


3-lA. 


3-15. 


^3. 


4. 


Tripod  jacks  In  conjunctip,a--wltti  a 
sling  hoist  ^ 
Slngle-basfe'  jacks  In  conjunction  with - 
a  sliij^  hoist 


3-16.  What  fs  the  smallest  unit  into  which  a 
"~ "drdp^l^f  water  can  be  divided  and  still 
 ____retain  the^ -CharacX.erlaJ:lcs.- nf  vatpr?  " : 

1.  Atom 

2.  Proton 

3  .^^o  le<^ul  e  —  • 

Electron  " 

3-17.  Oxygen  will  retain  its  characteristic^ 
"I  after  it  has  been  subdivided— trrtcT 

1.  atoms     '■■    i^^  ■ 

2.  protons,^ 

3.  neutrons 
-4i~- electrons 


You  discover  heavy  gasoline  leakage  from  a 
vehicle.    In  addition  to  reporting  the 
condition  you  should 

1.  place  a  warning  lantern  near  the  vehicle 

2.  start  the  engine  and  move  the  vehicle 
to  another  spot 

3.  warn  others  of  the  danger  of  vapors 

4.  close  the  windows  of  the  vehicle 
immediately 


Learning  Objective;    Recognize  the 
ASM's  need  for  understanding  the      "^"^  I 
basic  laws  of  physics,  and  identify 
the  basic  concepts  of  measurement. 

'..  3-20. 
The  three  Broad  categories  of  measurement 
are 

1.  magnitude,  volume,  and  time 

2.  height,  length,  and  width 

3.  direction,  location,  and  time 

4.  direction,  magnitude,  and  time 

3-21. 

Which  measurement  is  based  on  a  combination 

of  magnitudes? 

1.  Size 

it  Temperature 

3.  Pressure 

4.  Frequency 

3-22. 

Which  measurement  is  based  on  a  combination 
of  measurement  categories? 

1.  Speed 

2.  Voltage 

3.  Distance 

4.  Pressure  3-23. 


3-18.    The  weight  of  an  atom  is  contained  almost 
entirely  in  the  atpm's 

1.  nucleus 

2.  protons 
3*  neutrons 
4.  electrons 

3-19.    When  is  the  atom  considered  electrically 
neutral? 

1.  When  there  are  two  electrons  for  one 
proton  in  the  entire  atom 

2.  When  there  is  one  electron  for  each 
proton  in  the  entire  atom 

3.  When  there  is  one  electron  for  every 
two  V'^'ot^o^is  in  the  entire  atom 

4.  WherW  there  are  four  electrons  for 
each 'two  protons  in  the  entire  atom 


Learning  Objective;    Identify  basic 
terms  and  principles  relating  to 
matter,  and  solvit  problems  concerned, 
with  gases. 


What  prevents  electrons  fxom  being  drawn 

toward  the  nucleus? 

1.    Atomic  weight 

2..    Centrifugal  force 

3.  Centripetal  force 

4.  Electrical  repulsion 

^at  does  the  chemical  combination  of  two 
or  more  elements  form? 

1.  An  isotope 

2 .  A  mixture  , 

3.  A  compound 

4.  A  new  element 

What  is  the  atomic  number  of  an  element? 

1.  The  weight  of  Its  nucleus 

2.  The  number  of  Its  orbiting  electrons 

3.  The  sum  of  its  protons  and  electrons 

4.  The  number  of  protons  in  its  nucleus 

Ordina^-y  drinking  water  if  formed  from 
what  two  gases? 

1.  Hydrogen 'and .carbon  fluids  x 

2.  Hydrogen  and  carbon  dioxide 

3.  Hydrogen  and  oxygen 

4 .  Oxygen  and  carbon  dioxide 
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3-24^ 


3-25. 


JChe-threeHnatural  states  in  which  matter 
may  exist  are  ' 
'l.  "fluid,  porous,  and^vappr. 

2.  solid,  liquid,  and  gas 

3.  electron,*«j?roton,  and  neutron 

4.  physical,  chemical,  and  nudea^ 

What  characteristic  of  molecules  determines 
the  state  of  the  matter  they  form? 

1.  Their  weight 

2.  Their  magnitude 

. 3.    The  extent  of  their  motion 

The  amount  of  heat  the;y  contain  - 


4. 

0 


In  items  3-26  through  3-28,  select  from  column  3 
the  physical  description  that  applies  to  each 
state  of  matter  listed  in  column  A. 


A*    States  of  Matter 


B.  Physical 

Descriptions 


3-26 •  Solid 
3-27.  Liquid 
3-28.  Gas 


1. 


3. 


Has  a  definite 
volume  but  no 
definite  shape 

Has  neither  a 
definite  volume^ 
nor  a  definite 
shape 

Has  a  definite 
volume  and  a  » 
definite  shape 


4.    Has  an  indefinite 
voltme  and 
definite  shape  . 


/ 


3-29. 


Oil  from  a  crankcase  clings  to  a  metal 
dipstick  because  of  the  oil's 

1.  <.\duc:tility 

2.  \6ohesion 


3-31.    Which  of  the  following  stateotftits  concern- 
ing liquids  is.  INCORRECT? 

1.  The  utilization  of  hydraulic  machinery. 
^  permits  liquids  to  be  used  to  ftlter 

input  forces  and  to  gain  advantage  in 
distance  and  pressure 

2.  Energy  Is  transmitted  through  liquids 
practical!.'  instantaneous Iv  equally 
in  all  directions  with  lictle  or  no 
loss  in  power 

'        3.    Being  conqjletely  flexible,  liqulda 
can  easily  transmit  energy  around 
bends,  thereby  making  remote  locations 
of*  servos  possible 
4.    Liquids  provide  an  excellent  mechani- 
cal advantage  because  of  their  fluid- 
ity and  their  compressible  nature 

3-32.    What  is  the  advantage  of  the  h:tii:aulic  « 
servomechanism  system  over  * the  \ectrical 
servbmechanlsm  systemt 

1.  The  electrical  servo  requires  less 
build  up  time 

•2.    The  hydraulic  servo  requires  two 
workers  to  bill  Id  up 

3.  The  two' systems  will  require  the  same 
build,  up  time..   ^     ^    „  _ 

4.  The  hydraulic  servo  will  build  up 
faster  than  the  electrical  servo 

3-33.    Since  there  are  25.4  millimeters  iu  each 
inch,  standard  pressure  ijs  represented  by 
how  many  inches  of  mercury? 
-     1.    25.40  in. 

2.  27.52  In.  ' 

3.  29.92  in. 
^         4.    30.02  in. 

^3-34."    A  gage  reading  of  the  pressure  in  an 
automobile  tire  represents  the 

1.  local  atmospheric  pressure  plus  the 
absolute  pressurie 

2.  absolute  pressure  minus  the  local 
atmospheric  pressure 

3.  local  atmospheric  pressure  minus,  the 
atmospheric  pressure  J 
aboslute  pressure 


4. 


3. 
4. 


adhesion 
plasticity 


3-30.    Stee  .  can  NOT  be  pulled  apart  easily 
because 

1.  its  molecules  exert  a  slight  cohesive  . 
force  between  themselves 

2.  cohesion  and  adhesion  between  its 
crystals  serve  to  bond  them  together 

3.  '  its  molecules  exert  a  great  molecular 

force  that  resists  separation 

4.  a  tremendous  adhesive  force  between  its 
molecules  causes  them  to  ding  , 
together 


3-35.    An  absolute  pressure  of  37.6  psi  at  sea 
level  may  be  obtained  by 

1.  adding  76  psi  to  a  gage  pressure  of 
-38.4  pel 

2.  changing  gage  pressure  to  atmospheric 
pressure 

3.  subtractinig  l7.7  psi  from  a  gage 
pressure'^of •  52.3  pdi 

4.  .adding  14.7  psi  to  a  gage  pressure  of 
i  22.9  psi  I 
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3-36\    According  to  the  kinetic  theory,  which  of  3-40>i 
the  following  statements  concerning  — 
absolute  zero  Is  correcf'i 

1.  It  Is  the  temperature  at  which  no  heat  1« 
remains  In  a  gas,  but  not  the  lowest  2. 
temperature  obtainable  "        •  3/ 

2.  It  has  been  attained  only  once  at  *  4. 
which  time  the  absolute  zero  point 

i      of  -273.16"  C  was  determined  3-41. 
^      3.    It  is  the  temperature  at  which  it  is 
bellved  that  all  molecular  activity 
in  a  substance  ceases 
4,    It  is  the,  temperature  to  which  liquids, 
iBollds,  and  gases  can  be  reduced  and 
at  which  most  molecular  activity 
"Ceases 


The  general  gas  equaticfti  used  In  the  stu^y 
of  gases       a  combination  of  the  gas  laws 
of 


Charles  and  Boyle  only 
Charles  and  Kelvin  only 
Boyle  and  Fahrenheit 
Boyle,  Charles,  and  Kelvin 


If  a  tank  containing  700  cubic  inches  of 
air  at  a  gage  pressure  of  30  psl  and 
temperature  of  10"  C  is  heated  to  35"  C, 
the  gage  pressure  in  psl  will  be 

1.  •  30.3  psl 

2.  32,7  psl 

3.  :  33.9  psl 

4.  39.3  psl 


3-37. 


Use  Boyle's  law  to  solve  the  following 
problem.  '  A  gas  Is  confined  in' 30  cubic 
feet  of  space  at  an  absolute  pressure  of 
50  psl.    If  the  volume  of  the  space  is 
changed  so  that  the  pressure  Is  Increased 
to  an  absolute  value  of  lOOrpsl,,  w^at 
•is  the  new  volume  In  cubic  feet? 
13.4  ft3 


1. 
2. 
3. 


15  ft-^ 
19.4  ft3. 


3-42. 


4.    60  ft"^ 

In  solving  problems  Involving  absolute 
^    temperature  It  becomes  necessary  to 
convert  Celsius  (centigrade)  to  absolute  by  add- 
ing 273  degrees  to  the  Celsius  reading.  Thus, 
15"  C  equals  288"  absolute.  . 


3-38. 


3-39. 


Use  Charles*  law  to  solve  the  following 
problem.    If  the  volume  of  a  gas  Is  400 
cubic  feet  at  a  tempera'turft  ;of  10"  C,  what 
will  be  its  volume  in  cubic*^eat  it  tKe'^,. , 
temperature  Is  .  raised  to  60"  C?  • 


3-43. 


1. 
2. 

3.  ?,300 

4.  4,200 


470.67  ft3 

476.70  ft^ 
ft3 
ft3 


If  it  is  observed  that  the  pressure  of  gas 
in  a  sealed  container  has  Increased,  it 
can  be  assumed  that 

1^    heat  has  been  absorl^ed  by^.the  gas 

2.  Ueat  has  been  removed  from  the  gas 

3.  the  kinetic  energy  of  the  gas  has 
decreased  I 

4.  molecules  V>f  the  gas  have  gained 
energy  from  each  other  while  col- 
liding 


3-44. 


Learning  Objective:    Identify  terms 
involving  mechanics,  recognize  terms  ^ 
and  principles  concerning  force,  mass., 
and  motion,  and  solve  problems"  dealing 
with/these  principles. 


vniat  is  the  approximate  location  of  the 
center  of  gravity^  of  :the  earth?..  .„  

1.  Along  the  Equator 

2.  Near  the  center  of  the  earth 

3.  At  the  point  where  the  0"  meridian 
Intersects  the  Equator 

4.  At  the  junction  of  the  Equator  and  the 
International  Date  Line 

Refer  to  figure-  4-4  in  your  t^extbook.  Which 
of  the  following  statements  most  accurately 
describes  the  two  aspects  of  circular 
motion? 

•1,    Rotation 'and  revolution  both  describe 
the  motion  of  a  body  around  a  fixed 
point,  however  rotation' is  Involved 
with  smaller  bodies 

2.  Rotation  and  revolution  both  describe 
the  motion  of  a  body  around  an  axis, 
however  revolution  is  Involved  with 
larger  bodies 

3.  Revolution  describes  the  motion  of  a 
body  around  its  axis,  while  rotation 
describes  the  motion  of  a  body  around 
an  exterior  point-  y 

4.  Rotation  describes  the  motion  of  a 
body  around  its  axis,  while  revolution 
describes  the  motion  of  a  body  around 
an  exterior  point 

In  the  study  of  masses  In  motion,. the  term 
acceleration  describes  ^  , 

1.  body  that  Is  moving 

2.  body  at  rest  or  moving 

3.  condition  commonly  called  velocity 

4.  change  in  a  body's. speed  or  direction 
.of  travel  ^ 
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3-45.    If  an  Identical  pushing- force  Is  applied 

to  a  ofie-cublc  foot  block  of  lead  and  also 
to  a  one-cubic-foot  block  of  wood  both 
resting  ou  a  smooth »  horizontal  surface , 
their  reactions  will  be  such  that  . 
1.     the  two  blocks  will  move  tKe  same  ^ 
distance  ** 
because  of  Its  greater  mass  the  lead 
block  will  move' farther  than  the 
Wood  block      *  - 

3.  because  of  Its  lesser  mass  the  ^ood 
block  will  move  farther  than  the  lead 
block 

4.  the" two  blocks  will  move  the  same 
distance »^  but  the  lead  block  will  move 

^     mov3  more  slowly 

In  mathematics,  any  quantity  mul^tlj^lied 
*     by  zero  ♦Is  zero;  that  Is  3  x  0  «  0. 

3-46.    The  acceleration  of  a  body  Itf.  determined 
by  the  ratio  of  applied  force  to  Its  mass. 
In  the  formula  F  »  ma,  If  a  Is  zero,  as 
In  the  case  ci  a  vehicle  tr^vlllng  at  a 
constant  speed  In  a  given  direction j  force 
'  Is 

,„..^  1.    zero  . 

J!*   2.  changing 

3.  Infinite 
V         '4,    Impossible  to  determine  unless  the 
\       -speed  Is  known' 

3-47. vvNewton's  second  law  of  motion  Is  expressed 

formula    a  «  — 
m 


by 


the 

converted 
1. 


which  can  be 
to  F  «  ma, "'find  Indicates  that 
force  Is  liv^rsely  proportional  to  the 
ptToduct  of  the  mass  cf  a  body  and  Its 
acceleration 

2.  the  mass" of  a  body  Is  determined  by 
the  sum  of  Its  acceleration  and  the 
external  force  acting  on  It 

3.  acceleration  is  Inversely  proportional 
to  the  force  acting  on  a  body  and 

*  directly  proportional  to  Its  mass 

4.  acceleration  Is  directly  proportional 
to  the  force  acting  on  a  body  and 
Inversely  proportional  to  Its  mass 

3-48.     If  an  automobile  weighs  2,000  pounds 

attains  a  speed  of  60  mlles/ per  hours.  Its 
momentum  Is 

1.  100,000  ft-lb/hr 

2.  110,000  ft-lb/hr 

3.  120,000  ft-lb/hr 

4.  150,000  ft-lb/hr  \ 


,3-^49.    A  pump  llfsts  1,000  gallons  of  a  liquid 
which  weighs  8  pounds  per  gallon  ^ 
through  a  vertical  distance  of  125  feet. 
In  foot-pounJs, 'what  Is  the  amount  of  <  ^ 
*  work  done? 

1.  1,000  ft-lb. 

2.  1,250  ft-lb. 

3.  1,000,000  ft-lb. 

.4.     1,250,000  ft-lb.  - 

3-50.    An  elevator^  lifts  an  aircraft  weilghing  30 
tons  a  distance  of  25  feet  in  6  seconds. 
What  is  the  approximate  horsepower 
developed? 

1.  \  330  hp 

2.  1  450  hp 

3.  \550  Hp  , 

4.  \740  hp  '  . 

^    In  answering  items  3-51  through  3-53, 
,     assume  that  the  water  systenj  of  a  naval 
installation  requires  the  expenditure  of 
2,000,000,000  foot-pounds  of  energy  during  a  24-* 
hour  period.  — 

3-51.    What  is  the  average  horsepower  produced .  - 
by  the  pumps? 

1.  42.09  hp  ; 

2.  84.18  hp 

3.  210.45  hp  /  - 

4.  420.90  hp  '  ■ 

3-52.    Assuming, 100  percent  "Efficiency,  how  many 
watts  "of  electrical  power  are  used  to  » 
.  produce  the , mechanical  power  expended  by 
the  pump^? 

1.  15,699.93  W  % 

2.  31,399,14  W 

3.  94,197.42  W  v 

4.  165,599.70  W  - 

If  the  pumps, are  only  50  percent  efficient 
how  many  watts  of  electrical  energy  are 
required? 

1.  31,399.14  W 

2,  62,798.28  W  ' 

3,  188,394.84  W 

4.  "  331,199.40  W 


3-53. 


3-54.    Ten  horsepower  are  required' to  operate  a 
generator  vhich  has  an  output  of  1,000 
watts.    What  is  its  efficiency?  ' 

1.  13.4  percent 

2.  15.3  percent 

3.  25.7  percent 

4.  30.1  percent 
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3-61, 


)njich  of  the  following  is  NOT  an  illus-  3-60. 
trati'bn  of  friction?  : 

1.  The  action  of  skates  against  ice 

2.  The  use  of  brakes  by  a  landing  air- 
craft 

3«    The  contact  of  an  airborne  aircraft 

with  the  air  .  \^  » 

4.    A  rotating  wheel  \^ ..  ^ 

1-56.    Refer  to  figure* 4-5  in  your  textbook.  A 
.  plank  is  used  as  a  lever  to  raise ja  100- 
':  pound  weight.    Assiune  that  Dj^  is  10  feet 
and  D2  is  2  feet.    How  much  force,  in 
pounds,  is  needed? 

1. \   ^20  lb.* 

2.  40  lb 
\  3.      90  lb 

^  100  'lb  '        .  '  -  . 

Re^r  to  figure  4-6,  -  When  tV.^s  knot  slipped,^ 
the  pf th  the  ball  traveled  In  reaching 
the  ld*-*^oot  radius  was 

li  curved,  and  is  not  shown- in  the  figure 
2.  curveti^,  and  is  represented  by  th^  line 
.    -  labeledv^INEAR  PATH 


foot  radius 
4.    straight,  and  is  labeled  LINEAR  PATH 


Learning  Obj  ective :  ^^dentlf y 
principles  of  wave  motion  and.soT.ve 
associated  problems,  n 


Refer  to  figure  4-7  in  your  textbook. 
How  many  complete  cycles  of  sound "are 
ehnwn  ofn^^^^T1o  /*-om  the  tuning-fork? 


1. 

Six 

2. 

Five 

 ff 

3. 

Three 

4, 

Four 

What  is  the  period  of  one  cycle  of  sound 
whose* frequency . is  20  htfttz? 
l'.\  5.0  qec 


0,5  sec 
0.05  sec 
0,005  sec 


>-62.    The /wavelength,  of  a  wave  can  be  determined 
by  measuring  the  '  a 

1,  distance  across  the  positive  peak  along, 
the  zero  line  % 

2.  vertical^distance  from  the  positive    fy  ^ 
peak  to^ the  zero  line 

3.  vertical  distance  from  the  positive 
peak  to  thex  negative  peak 

4,  horizontal  distance  between  maximum 
points  on  successive  waves 


3-63.    Refer  to  figure  4-8  in  your  textbook. 

If  a  ray  of  light  strikes  a  flat  mirror, 
the  angle  of  incidence  is^ the  angle 
between  the  incident  ray  and 

1,  a  perpendicular  to  the  surface  at  the 
-      point  of  impact 

2.  the  "surface  of-  the^mirtor  \ 

3,  the  reflected  ray  ~  \^ 

4.  a  perpendicular  to  the  incidentray' 


3-58. 


\ 


3-59, 


2. 


The  reason  water  waves  are  tepned  trans- 
verse waves  is  because  the  particles  of 
water  move  in  whajt  manner? 
1.    In  the  same  direction  the  wave,  is 
traveling  \ 
Ih  the  direction  opposite  to  tha^.  in 
which  the^wave  is  traveling  * 
At  k  right  angle  to  the  direction  the 
yave  is  traveling 
At  a  horizontal  right  angle  to  the 

direction  the  wave  is  traveling  . 

\  .. 

V-  ^  ,  • 

Why  are  sound  waves  longitudinal  and 

water  waves  transverse?  — 

1,  Soundwave  particles  vibrate  from 
side  to^  side,  while  water  particles 
move  up'  and  down 

2,  Souncf  wav^  particles  vibrate  from  side 
to  side,  while  water  particles  move  ' 
ih  the  direction  of  wave  travel 

3,  Sound  causes  particle  vibration  90 
degrees  to  the  direction  of  wave 
travel,  while  water  .particles  move 
up  and  down  .  \ 

4,  Sound  causes  particle  vibration  in 
the  direction  of  wave  trayel,  while 
water  particles  move  up  aiid  down 


3-64, 


3-65, 


Sunlight  glancing  from  the  ripples  on  a^ 
lake  is  an  example  of 

1,  regular  reflection  \ 

2.  specular  reflection 

3.  diffused  reflection 

4,  incident  reflection 

Refer  to  figure  4-li  in  your  textbook. 
If  a  ray  passes  from  a  more  dense  to  a 
less  dense  medium,  as  shown  at^:the7.lQw^r.^ 
edge  of  the  rectangle,  how  is  It-  i 
deflected? 

1,  ^In  a  direction  detiermined  by  the  wave- 
^     length  and  frequency  of  the  ray  , 

2.  Away  from  the  normal  and  the  angle  \ 
of  refraction  is  less  than  the  angle\ 

^^of  incidence  (r^  less^  than  i^)  \. 
Away  from  the  normal  and  the  angle  of  ^ 
refraction  is  greater  than  the  angle 
of  incidence  (  ±^  less  than  r^^) 
To\d^rd  the  normals  and  the  angles  of 
incdGaence^and  refraction  ^are  deter- 
mined by  the  relatiye^ensities  of 
the  media 
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3-71. 


Learning  Objective;  Recognize 
terms,  and  basic  principles 
^concerning  sound* 


.3-66.    The  audible  range  is  arbitrarily  said  to 

be  from  15  hertz  (Hz)  to  20,000  Hz*  Those 
sounds  occurring,  at  15  Hz  and  20,000  Hz 
.  are  sai^  to  be^^     ^  - 
•  ■     1*  ''subsonic  and  ultrasonic,  respectively 
,  *  2^    ultrasonic  and  subsonic ,  respectively 

3.  the  loyfer  and  upper. extremes  of  the 
audible  range:,  respectively 

4.  the  upper  and  Idwer  extremes  of  ultra- 
sonic and  subsonic,  respectively 

^-67.    Of  the  several  factors  affecting  sound 

velocity  in  any  medium,  those  having  the 
greatest  effect  are 

1.  dp.usity  .and  pressure      -"  -^-^.^ 

2,  dansity  and  elasticity 

,    3.  ^pressure  and  .elasticity 
4.    temperature- and  density 


\3-68. 

\ 


3x69. 


Sound  travels  faster  "through  water  than 
th-^ough  air  because  of  water's  greater 

1 .  wetness 

2.  fluidity  •  * 
\  3.    elasticity.  ^ 

A.    compactness  .         .v  « 


The  intensities  of  sounds  having  different 
frequencies  can  be  compared  by  taeasuring 
pressure' variatiK>ns  because     \  ^ 

1.  great  pressure  variations  reduce  sound 
at  all  frequencies  to  a  measurable 
level  ^ 

2.  pressure  variations  occur  at  all  poijits 
.  .    in  the  tran^n^tting  me^um  and  tend  to 

cancel  each  other's  effi^ 

3.  a. sound's  intensity  is  proportional  to 
the  square  o£  the  pressure  variations, 
and  frequency  need  not  be  considered 

4.  c?the  intensity  of  a  sound  is  proportio- 
^nal  to  the  square  of  "tjie  pressure 

variations  after  frequency  differences 
have  be^n  correlated 


3-72.    Not^  C  from  a  piano  sounds  different  from  . 
the  C  of  equal  intensity  from  a  violin 
because  '  ! 

1,    of  a  difference  In  the  number > 
frequency,  and ^intensity  of  the 
harmonics  in  the  lotes  *  — 

the  fundamental  tone  from  earh 
instrument  originates  at  a  diffei;ent 
frequency  , 

of  a  difference  in  j)itch  . 
the  fundamental  tone  from  each  instru- 
ment is  altered  in  f  requericy.  by  an  ' 
amounc  proportional  to  the  number  of 
harmonics'  present  ^  * 


-  3-73. 


What  is  the  velocity  of  sound  in  air  at  a 
temperature  of  32*  C? 

1.  1,087  ft/s 

2.  1,127,  ft/s   T 

'3.    1,133  ft/s\ 

4.     1,151  ft/s  ^ 


3-70. 


3-74. 


The  pitch  of  a  sound  can  be  described  as 
Iseing'  ..^  '  ' 

1.  high  if  it  contains  many  cwertcnes, 
low  if  it  contains  few  overtones 

2.  low  if  the  wave  is  transverse,  high  " 
if  the  wave  is  longitudinal 

3.  low  if  the  frequency  is  low,  anid  high 
if  the  frequency  is  high 
high  if  the  wavelength  is  long,  low 
ix  the  wavelength  is  shoru 


4. 


3-75. 


2. 


3. 
4. 


,  auditorium  that  has  good  acoustics  is 
^designed  to  supress  which  of  th*^  fcfllowing? 

1.  ^    Echoes  only  1 

2.  Ejchoes  and  reverberation^ 

3.  Reverberation  only 

4.  Absorbtion  and  refraction 

On  a  television  receiver  a  ghost  is 
produced  by  the  transmitj^ed  signal  being 
reflected  from  a  distant  object  and 
arriving  at  the  antenna  at  a  later  time 

ifhan  the  direct  signal.     In  sound- this 

^condition  is  called 

1.  an  echo 

2.  reverberation 

3.  focus  concentration 

4.  high  level  intensity 


A  disturbing  echo  /from  a  loudspeaker  in 
an  auditorium  can  NOT  be  minimized  by 
locating  the  reflecting  area  and 
covering  it  with  an  absorbing  material 
altering  the  shape  of  the  reflecting  . 
area  ■ 
movingu£he  loudspeaker  \ 
changing  the.  volume 
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Assignment  4 


Physl^^s,  Publications ^  MIARS,  and  Drawings 
Text:  '  Pages  108  -  128 


Learning  Objective:  Recognize  term^ 
and  basic  principles  concerning  heat 
and  associated  problems. 


l-l.    The  theory  of  radiation  of  energy  treats 
radio,-  light,  and  heat  waves  as  parts  of 
the  same  general  form  of  energy  differing 
primarily  in  their 

1.  phase  '  . 

2.  polarity 

3.  frequency  ' 

\4.    magnitude  \  '  / 

4-2.\  Whtch  of  the  following  substances  is  the/ 
poorest  conductor  of  heat?  ■ 


1.  Wood 

2.  *  Cast  iron 

3.  Copper 

k .  Aluminum 


/ 


/ 


In  items  4-3  through  4-S,  select  from  column  B 
the  term  vhlch  is  most  closely  relatedy^to  each 
definition  listed  in  column  A. 


4-3. 


4-4. 


4-5. 


A>  Definitions 

Motion  of  the  cooling 
medium  that  j>ccurs 
without  mechanical 
motion  being  applied 

Heat  transference  by 
molecular  collision 

^Heat  transference 
closely  reppmbling 
rad^-o  wave  propagation 


Terms 


1 .  Conduction 

2.  Convection 

3.  Radiation 

4 .  Absorption 


4-6.    Gases  are  poorer  conductors  of  heat  than  ^ 
most  solids  because  -       .  , 

1.    gas  mcfLecules  expend  their  energy  idt 

striking  each  other 
,2.    the  molecules  in  gases  travel  slower 
than  those  in  solids 

3.  gas  mc^ecules  do  not  absorb  as  much 
h&at  as.  those  in  solids 

4.  rthe  molecules  in  gases  are  more  loosely' 
packed  than  those  in  solids 


9 

4-7. 


What  does  the  transfeif  of  heat  by  convection 
involve?  >■ 

1 .  Electromagnetic  wave  motion  of  molecules 

2.  Smooth,  light-colored  jurf aces  absorbing 
heat 

3 .  Heating  a  substance,  such  as  air  or 


4. 


iwater,  that  moves  when  heated 


Adjacent  molecules  transferring  heat  by 
collision 


4-8. 


-  4-9: 


An  object  that  is  cooled  by  utilizing  fins 
employs  what  heat  trans fr^r  processes? 

1.  /Absorption  and  convection 

2.  /Absorption  and  conduction 

3.  /  Conduction  and  radiation 

-  4. /  Corduction  and  convection 

Wl^^at  term  ident'ifies  the  transference  o5  . 
h^at  energy  in  the  form  df  electromagnetic 
*^ves? 

Radiation  .  ^ 

Absorption 
Conduction 

Convection  / 


/3. 
4. 


4-ip.  Consideration  of  the  heat  transfer  princi- 
/     pie  of  radiation  reveals  that  radiant  heat 
/      does  NOT  ac.t  in  which  of  the  following  ways? 
/        1.    It  moves  with  the  apeeSd  of  light 
'         2.    It  travels  in  a  straight  line 

3.  It-  can  pass  through  a  medium  without  ' 
'                 heating  it 

4.  It  passes  through  any  screen  between 
"Ut  and  another  object 


/ 
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4-11.    What  color  surface  isi  most  effective  In  4-17, 
radiating  heat? 

1.  Dull  black 

2.  Polished  bla^ 
3*    Dull  sllvex 
4.    Polished  liver 

4-12.    How  many  British  thermal  units  (Btus)  are 
required  to  raise  the  temperature  of  2 
pounds  of  water  from  Its  freezing  point  4-lP. 
of  32**  F  to  Its  boiling  point  of  212**  F? 
1.    180  Btu 
212  Btu 

3.  244  Btu' 

4.  360  Btu  "  * 

4-13,    An  action  producing  1,764  calories  of  4-19. 
heat  energy  requires  how  many  foot-pounds 
of  mechanical  energy? 

1.  3,112  ft-lb 

2.  3,890  ft-lb 

3.  4,668  ft-lb 

4.  5,446  ft-lb 

Water  has  a  specific  heat  of  1  and  all 
other  substances  have  specific  heats  which  4-20. 
relate  to  that  of. water.    When  two  bodies  of  dif- 
ferent temperatures  are  mixed,  heat  will  be 
transferred  from  the  warmer  body  to  the  cooler         .  vwa.' 
one  until  both  reach  the  same  temperature.  The 
heat  gained  by  the  cooler  body  will  equal  the 
heat  lost  by  the  wanner  body  If  there  Is  no  loss 
of  heat  to  the  environment.    The  formula  to  be  4-21. 
used  Is:    Heat  gained  »  heat  lost,  or  mass  x 
Change  In' temperature  x  specific  heat  of  one  body 
"mass  X  change  In  temperature  x  specific  heat  of  ' 
the  other  body. 

4-14.    A  piece  of  lead  having  a  mass  of  500  grams  ^ 
and  heated  to  292^  C  Is  dropped  Into  400 
grams  of  water  having  a  temperature  of  15^  4-22. 
C.     If  the  temperatures  become  equal  at 
26*"  C,  what  Is  the  Specific  heat  of  the 
lead?' 
<  1.  0.033 

2.  0.066 
'  3.  0.099 
4.  1.333 

4-15.    Watir  Is  NOT  suitable  T >r  use  In  most 
modern  thermometers  because 

1.  It  does  not  expand  and  contract 

2.  It  expands  and  contracts 

3.  Its  freezing  point  Is  too  high 

4.  Its  reaction  to  pressure  change  Is 
negative 


4-23. 


4-24. 


4-16.    The  zero  point  on  a  Celsius  thermometer 
coincides  with  the  temperature  of 

1.  frost 

2.  dry  snow 

3.  solid  Ice  ^ 

4.  melting  Ice 


The  boiling  point  on  a  Celsius  thermometer 
Indicates  the  temperature  of 

1,  water  just  as  It  begins  to  boll 

2.  water  Immediately  after^lt  bolls 

3,  steam  under  a  pressure  o£W6  cm  of 
mercury  " 

4.  steam  under  a  pressure  of « 100  cm  of 
mercury 

Normal  body  temperature  of  98.6*  F  con- 
verted to  Celsius  Is 

1.  37. 0**  C 

2.  40. 0**  C 

3.  58. 6**  C  r 

4.  66. 6**  C 

On  a  day  when  the  temperature  Increases 
from  20^  F  to  45**  F,  how  many  degress  of 
Increase  will  a  Celsius  thermometer  Indi- 
cate? \ 

1.  13.^8**  C 

2.  25. 00**  C 

3.  27.76**  C 

4.  29.00**'C 

If  a  thermometer  registers  30**  C,  what  Is 
the  Fahrenheit  equivalent? 
1.    54**  F 
.2.    62**  C 

3.  75**  F 

4.  86**  F 

Using  the  "40  rule,"  the  Fahrenheit  temp- 
•  erature  that  corresponds  to  a  Celsius 
temperature  of  160**  Is 

1.  32**  F 

2.  80**  F 
3^  160**  F 
4.    320**  F 

If  a  thermometer  Indicates  a  temperature 
of  -22**  F,  what  Is  the  corresponding 
Celsius  temperature? 

1.  -30**  C 

2.  -10**  C 

3.  10**  C 

4.  18**  C 

The  resistance  element  used  In  the  con- 
struction of  resistance  thermometers  Is 
normally  fabricated  of 

1.  copper 

2.  silver 

3.  mercury 

4.  platinum 

The  component  .of  a  temperature  measuring 
device  which  produces  an  electric  current 
Is  the 

1.  calorimeter 

2.  galvanometer 

3.  thermocouple 

4.  resistor 
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4-25.    Copper  can  NOT  be  employed  in  conjunction 
vith  the  stem  or  base  of  a  vacuum  tube 
because  copper 

1.  an  i  glass  have  the  same  rate  of 
is>ijasion 

2.  *    .  ilass  do  not  have  the  same  rate 
oi  expansion 

3.  has  a  positive  coefficient  of  expan- 
sion while  glass  has  a  negative 
coefficient  of  expansion 

4.  has  a  negative  coefficient  of  expan- 
sion and  glass  has  a  positive 
coefficient  of  expansion 

4-26*    A  steel  tape  is  exactly  100  feet  long  when 
its  temperature  is  20°  C.     If  its  tempera- 
ture is  increased  to  38°  C,  what  will  be 
its  length? 

1.  IOC. 018  ft 

2.  IOC). 180  ft 

3.  lO: .008  ft 

4.  101.018  ft 

4-27.    The  temperature  measuring  device  which 
utilizes  the  differencjss  in  the  coeffi- 
cients of  expansion  of  dissimilar  metals 
is  the 

1.  thermostat 

2.  thermometer 

3.  thermograph 

4 .  thermocouple 

4-28.    A  hole  was  bored  through  the  center  of  a 
steel  plate  which  is  1  foot  square.  If 
the  plate  is  Ueated,  the  hole  will 
1.    become  larger 
.2.    become  smaller 
3-    remain  the  same  size 
4.    become  larger  or  smaller,  depending 
on  the  thickness  of  the  plate 

4-29.    The  number  of  Btus  required  to  change  a 
unit  mass  of  a  substance  from  a  solid 
state  to  a  liquid  state  with  no  change  in 
tempeiiature  is  known  as  the-  latent  heat 
of 

1.  fusion 

2.  combustion 

3.  condensation 

4.  vaporization 

4-30.    The  amount  of  heat  required  to  change  a 
liquid  into  a  vapor  with  NO  change  in 
temperature  is  called  the  latent  heat  of 
1.  fusion 
p  2.  combustion 
'  3.  condensation 
4.  vaporization 


4-31.    If  water  is  being  heated  and  the  number  of 
molecules  of  steam  returning  to  the  liquid 
state  is  the  same  as  the  number  changing 
from  the  liquid  state  to  the  gaseous  state, 
this  condition  is  known  as 

1.  dry  steam 

2 .  condensation 

3.  vaporization 

4.  saturated  vapor 


Learning  Objective:    Relative  to 
electricity,  identify  basic  terms 
and  principles,  and  recognize' 
functions  of  various  electrical 
components  and  electrical  measur- 
ing instruments. 


4-.32,  When  a  conductor  cuts  the  lines  of  force 
of  a  magnet,  the  current  produced  in  the 
conductor  is  kno\m  as  magnetic 

1 .  . reluctance 

2 .  ^  induction 

3 .  resistance 

4.  reaction 

4-33.    kefer  to  figure  4-18  in  your  textbook. 

Magnetic  lines  of  force  which  exist  around 
a  bar  magnet  flow  from  the 

1.  axis  to  the 'south  pole 

2.  north  pole  to  the  axis 

3.  north  pole  to  the  south  pole 

4.  south  pole  to  the  north  pole 

4-34.     In  an  automobile  generator,  the  principle 
of  magnetic  induction  is  used  to  produce 
the  electricity  required  to  perform  all 
but  which  of  the  following  functions? 

1.  Operate  the  electrical  system 

2.  Fire  the  spark  plugs 

3.  Charge  the  battery 

4.  Dry  the  distributor 

4-35.    Which  component  of  a  general.or  produces 
the  current? 

1.  The  brushes 

2.  The  armature 

3.  The  commutator 

4.  The  electromagnet 

4-36.    A  generator  having  a  split  ring  commutator 
delivers  what  type  of  current? 
1.     Steady  direct  current 
2j    Steady  alternating  current 

3.  Pulsating  direct  current 

4.  One-third  alternating  current 
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4-37.    A  lead-acid  battery  produces  an  electrical    In  items  4-43  through  4-45,  select  from  column  B 


current  by  means  of 
1.    magnetic  induction 
2«    chemical  action 

3.  mechanical  actlon- 

4.  static  action 

4-38.    Displacement  of  what  parts  of  the  copper 
atoms  in  a  copper  wire  causes  an  electric 
current  to  flow  through  the  wjLre? 

1.  Pra'tons 

2.  Neutrons 

3.  Electrons 
4".  Nucleus 

4-39.     The  protons  of  the  atoms  of  copper  do  NOT 
move  to  other  atoms  as  do'^the  electron 
ata^3S  of  copper  because  the  protons  are 
how  many  times  heavier  than  the  electrons? 

1.  1,850  times 

2.  1,860  times 

3.  2,000  times 

4.  2,850  times 

4-40.    The  direction  of  flow  of  electrons  from  a 
voltage  source,  through  a  conductor,  and 
back  to  the 'voltage  source  is  from 
*  1.     positive  to  positive 

2.  positive  to  negative 

3.  negative  to  positive 

4.  negative  to  negative 

4-41.    An  insulator  is  characterized  by  its 
scarcity  of 

1.  protons 

2.  neutrons 

3.  free  electrons 

-4.     governor  electrons 

4-42.    What'  is  another  designation  for  voltage? 

1.  Amperage 

2.  Quantity  of  electrons 

3.  Conductivity  of  matter 

4.  Electromotive  force 


the  function  of  each-  basic  electrical  measuring 
instrument  listed  in  column  A. 


4-43. 


4-44. 


4-45. 


A.  Measuring 
 Instruments 

Voltmeter 

Ammeter 

Ohmmeter 


B.  Functions 


1.  To  measure  the 
reisistance  of  a 
conductor  to  the 
flow  of  electricity 
through  it 

2.  To  measure  the  elec- 
tromotive force  pro- 
duced by  a  battery 
or  generator 

3.  To  measure  the 
amount  of  work  being 
done  by  a  circuit 

4.  To^  measure -the-  num- 
ber of  electrons  of 
the  conductor  flow- 
ing past  a  given 
point  each  second  ^ 


Learning  Objective:    Relative  to 
publications  and  the  Naval  Aero- 
nautic Publications  Index,  indi- 
cate the  issuing  authority, 
method  of  updating,  contents, 
numbering  system,  and  procurement. 


4-46.    Aeronautic  publicatiions  that  deal  with     .  . 
operations  and  maintenance  of  support 
equipment  are  issued  by  authority  of  the 

1.  Chief  of  Naval  Operations 

2.  Secretary  of  the  Navy 

3.  Deputy  Chief  of  Naval  Operations 
^     4.    Naval  Air  Systems  Command 

4-47.    When  they  are  available  for  issue,  manuals 
and  letter  materials  are  assigned  code 
numbers  and  are  listed  in  the  publications 
entitled 

1.  Navy-Air  Force  Publications  Index 

2.  Naval  Aeronautic  Publications  Index 

3.  Navy-Air  Force  Publications  Instruction 

4.  Naval  Aeronautic  Publications  Instruc- 
tion 

4-48.     In.  determining  if  a  manual-type  publication 
is  the  latest  issued,  the  ASM  may  refer  to 

1.  NAVAIR  00-500A 

2.  NAVAIR  00-500B 

3.  NAVAIR  00-500C 

4.  NAVSUP  2002 
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4-49.    Which  of  the  following  are  contained  in 
Section  III  of  the  NAVSUP  2002? 

1.  Instructions  and  Notices 

2.  .  Manual- type  publications 

3.  Technical  directives 

4.  All  forms  used  by  the  Navy 

Refer  to  table  5-1  and  figure  5-1  in 
•     answering  items  50  through  52. 

14-50.    What  is  the  subject  classification  of  the 
[  publication  NA-01-45HHC-2-1? 

1.  General 

1  2.    Aircraft  ^  

I  3.  Powerplants 

4-51.  What  is  the  general  subject  classification 
number  for  Ground  Servicing  and  Automotive 
Equipment? 

1.  11 

2.  12 

.     '         3.     16      •  -  ^ 

^  4..    19  . 


4-56.    The  NAVAIR  00-50pM  is  divided  into  how 

many  parts? 
.  1.  One 

t  2*  Two 

3.  Three 

4.  Four 


4-57.  How 
1. 
2. 

3. 
4. 


is  NAVAXR  00-500B  kept  current? 

By  annual  reissue  with-Jia-supplements~ 

By  semiannuar  reissue  with  monthly 

supplements 

By  letter-type  directives,  as, occurring 
By  bimonthly  addendums   


4-58.    How  is  the  NAVAIR  00-500M  kept  current? 

1.  By  annual  reissue  with  bimonthly 
revision 

2.  By  annual  reissue  with  no  revisions 
.3.    By  semiannual  addendums 

4.    By  semiannual  reissue  with  no  revisions 


\ 


4-52.    The' subject  classification  of  publications 
in  group  17  is 
1,  general 
2.,  powet^plants 

3.  •  accessories 

4.  -  machinery,  tools,  and  test  equipment 

4-53.  Thei  listing.of  manuals  that  are  available 
on  specific  items  of  aeronautic  equipment 
is  found  in  which  of  the  following? 

1.  i  Aircraft  Application  List,  NAVAIR 
i  0b-500B 

2.  '  Directives  Application  List,  NAVAIR 
s  00-500C/ 

.  3'.  1  Equipment  Applicability  List,  NAVAIR 
q0-500A 

4.    Navy  Stock  List  of  Forms  and  Publica- 
t'jions,  NAVSUP  2002 

4-54.    A  cross-reference  listing  of  manuals 

■  according  to  model-type  part  numl?er  is 
found  lin  the 

1,    Navy  Stock' List  of  Fotms  and  Publica- 
tions, NAVSUP  2002 
,2.    Equipment  Applicability  List,  NAVAIR 
00t500A 

3^    Aitcraft  Application  List,  NAVAIR 
00-!i500B 

4.    Dirlectives  Application  List,  NAVAIR 
00-500C 

4>-55.    A  listing  of  NAVAIRSYSCOM  letter-type 
directives  is  found  in 

1.  NAVAiR  00-500A 

2.  NAVAlk  00-500B 

3.  NAVAIli^  00-500C 

4.  NAVAIR \00-500D 


Learning  Objective:    Identify  methods 
for  numbering  both  manual  and  letter- 
type  publications  and  recognize  what 
is  indicated  by  various  parts  of  the 
manual  classification  code. 


4-59.    What  prefix  is  assigned  to  publications 
originated  by  the  Naval  Air  Systems 
Command? 

1.  Air  Force  Navy  (AN) 

2.  NAVAER  (NA) 

3.  NAVAIR  (NA) 

4.  NAVWEPS  (NW) 

4-60.    Refer  to  figure  5-2.    The  -llOA  of  the 

publication  number  NA-19-110A-4  indicates 
the  •  ^  .  • 

1»;,  type  of  manual 

2.  type  of  aircraft 

3.  section  number  of  the  manual 

4.  particular  group  of  equipment 

4-61.    Refer  to  table  5-2.    Which  code  number  in 
the  manual-type  publications  identifies 
the  subject  breakdown  pertaining  to  air- 
craft hydraulic  jacks? 

1.  19-10  .  . 

2.  19-20 

3.  19-70 

4.  19-80 

4-62.  Refer  to  table  5-1.  Part  III  of  the 
manual-type  publications  code  number 
designates  which  of  the  following? 

1.  A  particular  group 

2.  A  specific  manufacturer 
.  3.    A  specific  manual 

4.    A  gei^eral  manual 
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4-63.    How  are  letter- type  publications  changes^ 
numbered  that  relate  to  all  support  equip- 
ttent? 

1.  By  Julian  date 

2.  By  calendar  date 

3.  In  number  sequence 

4.  In  alphanumeric  sequence 


4-64.    What  method  of  numbering  letter-type 

directives  covers  all  Instructions  and 
Notices? 

1.  Consecutively  from  the  beginning  of 
the  fiscal  year 

2.  Consecutively  accordit.g  to  subject 
matter 

3.  Consecutively  from  the  beginning  of 
the  calendar  year 

4.  Alpnanumerically  in  accordance  with 
aircraft  application 
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Assignment  5 

Publications.  MIARS^  and  Drawings;  Reciprocating  Combustion  Engines 
Text:    Pages  128  -  155 


Learning  Objective:     Identify  the 
regulation  governing  security  of 
classified  publications,  how 
classified  publications  are  iden- 
tified in  the  Numerical  Index, 
and  procedures  relating  to  the 
reissue  and  the  one-time  issue  of 
aeronautical  publications. 


5-1.    The  Department  of  the  Navy  Information 

Security  Program  Regulation,  OPNAV  Instruc- 
tion 5510.]   (Series),  is  issued- by  - 
.1.     SECNAV  .  . 

*    2;     CNO  ; 
.     3.  DOD 

A.  NAVAIRSYSCOM 

5-2.    The:, provisions  of  OPNAV  5510.1  (Series)  ' 
apply  to 

1.  civilian  personnel  only 

2.  enlisted  personnel  only 

3.  :    officer  personnel  only 

 A..  .  every,  person_and  every„  activity  in  the 

Naval  Establishment 

5-3.    Which  numeral  in  the  SC  (security  classi- 
fication) column^of- the -Numerical  Index 
_      indicates' that  a  NAVSUP  2002  publication 
is  classified? 

1.  One 

2.  Two 

3.  Three 

4.  Four 

5-4.    After  a  Mailing  List  Request  for "Aeronautic 
Publications,  NAVAIR  Form  .5606/3,  has  been 
properly  completed  for  the  reissue  of  an 
existing  publication, the  form  should  be 
submitted  ^o  the  ^' 

1.  Naval  Air  Systems  Command 

2.  Naval  Air  Technical  Service  Facility 

3.  Forms  and  Publications  Supply  Office 

4.  nearest  Aeronautic  Publications  Supply 
Point  listed  in  the  Naval  Aeronautic 
Publications  Index 


5-5.     If  the  commanding  officer  of  an  aviation 
support  activity  uses  a  DD  Form  1348  to 
order  publications  direccly  from  the  Naval 
Air  Technical  Service  Facility  (NATSF) , 
what  is  he  requisitioning?  _ 

1.  Initial  outfitting  publx;:ations 

2.  Specific  publications  to  be  added" for 
automatic  distribtitian 

3.  All  automatic  distribution  publications 
^        4.    One-time  requirement  publications 

\  / 

-  ■  J  - 


Learning  Objective:    With  respect  to 
manual- type  pub.lications  Important 
r..>  the  ASM,  recognize  their  series, 
.ontents I,  preparation  and  issuing 
authority,  numbering  system,  and  pro- 
cedures for  incorporating  changes. 


5-6.  Which  of  the  manual- type  publications  series 
shown  in  table  5-1  are  of ^  special  importance 
to  the  ASM?  " 

rr,        1.    00,  17,  and  19 

4'    :     2.  OP3  jQ2»:.and.  17^  :  

3.  01,  02,  and  19 

4.  02,  03,  and  17 

5'=-7.    Allowance  Lists  are  included  in  what  series 
of  publications  in  the  Naval  Aeronautic 
Publications  Index? 

1.  00 

2.  03 

3.  17 

4.  19 

5-8 Which  section  of  the  Allowance  Lists  and 
Outfitting  Lists  (00-35  Series)  includes 
the  allowance  of  general  support  equipment? 
'  1.  B 
2...  G 

3.  H 

4.  K 

'       ^_      a«  .1 
5-9.     In  Allowance  List  number  00-35QZ-40,  the  Z 
identifies  the 

1.  section  of  an  Allowance  List  series 
2»    series  in  an  Allowance  List  section 

3.  Allowance  List  section 

4.  issuing  authority 
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5-10. 


5-11. 


5-12. 


5-13. 


5-14. 


5-15.- 


After  the  support  equipment  manuals  are 
prepared  by  the  manufacturer,  who  has  the 
authority  to  issuv?  them? 

1.  The  Naval  Ship  Systems  Command 

2.  The  Naval  Air  Systems  Command         .  .  ? 

3.  The  Naval  Supply  Systems  Command 

4.  The  Naval  Weapons  Command 

Which  section  o£  the  Operation  and  Service 
Instructions  Manuals  will  most  likely  con-' 
tain  information  on  the  specifications  of 
support  equipment  cooling  systems?   " 

1.  Introduction 

2.  Description  of  the  Equipment 

3.  Preparation  for  Use 

4.  Operation  Instructions 

Which  of  the  following  is  NOT  included  in 
the  Operation  Instructions  of  the  Opera- 
tion and  Service  Instructions  Manual  for 
an  item  of  support  equipment? 

1.  The  principles  of  operation 

2.  The  preparation  of  the  unit  for  use 

3.  The  purpose  and  use  of  the  operating 
controls 

4.  The  purpose  and  use  of  the  indicating 
.  instruments 

Manuals  that  are  labeled  Repair  or  Over- 
haul Instructions  arc  usually  issued  for 
which  of  the  support  equipment  maintenance 
levels?  ' 

1.  Orjganizational  only  \  ^ 

2.  Intermediate  only 

3.  Depot  i 

4.  Organizational  or  Intermediate 

The  publication  that  is  designed  to  aid 
maintenance  personnel  in  identifying  and 
ordering  replacement  parts  is  the 
1.    Overhaul  Instruction  Manual 
Service  Instruction  Manual 
Illustrated  Parts  Breakdowi^  (IPB) 
Maintenance  Instructions  Manual 

\ 

-In -the -Illustrated  Parts  Breakdown,  infor- 
mation designed  to  aid  the  ASM  in,  quickly 
and  easily  locating  illustrations  ,\ 
descriptions,  and  numbers  of  the  pj^rts  he 
needs  is  found  in  the 
1. 
2. 
3. 


In  items  5-16  through  5-18,  select  from  column  B 
. the  manual  in  which  each  item  of  maintenance 
information  listed  in  column  A  is  found. 


2. 
3'. 
4. 


A.  Information 

5-16.    The  intervals  between 
complete  disassembly 
for  componient  inspec- 
tion 


Introduction 
Group  Assembly  Parts  List  section 
Numerical  Index  rection  ^ 
Table  of  Contents 


B.  Manuals. 

1.  Operation  ,and 
Service 
Instruction 

2 .  Repair  or 


"5^7";  A~cross-reterence  tor 
determipin^  a  part 
number  if  the  part  is 
known,  or  the  part 
description  if  the 
part  ntimber  is  not 
known 

5-18.  '  Necessary  inspections 
and  adjustments  during 
operational  period  ' 


Overhaul 
Instrub^on 

3.  Illustrated\ 
Parts  *  \ 
Breakdown 

4.  -  NATOPS, 


5-19.    What  determines  the  degree  of  urgency  for 
updating  technical  publications? 

1.  The  number  of  technical  data  changes 
that  accumulate  pertaining  to  the 
olfected  publication 

2.  The  type  of  information  ^involved  and 
the  frequency  , of  reference  to  the 
affected  publication 

3.  The  number  of  maintenance  personnel 
using  the  affected  publicat^  Dn  ' 

4.  The  date  of  the  last  change  recorded 
in  the  affected  publication 


■l^    eld  by 
VO''  itcd  into 

rt  thz —   


5-20.    Changes  to  publication*'  ♦■V 
production  divisions  at >  X'if 
the  publications  by  per"  i.onn; 

1.  administration  division 

2.  technical  library  staff 

3.  quality  assurance  division 

4.  respective  work  centers 


5-21.     If  an  ASM  in  a  work  center  files  a  pa^'  of 
technical  information  next  to  an  affected 
page  in  the  publication,  what  type  of 
change  is  he  incorporating? 
1/  Write-in 

2.  Replacement 

3.  Supplement  data 

4.  Duplicate  change 


\ 

\ 


5-22. 


Which  of  the  following  statements  Is  cor- 
rect of  supplementary  page  5-65A  and  the. 
Information  thereon?     •  ' 

1.  It  Is  placed  between  pages  5-65  and 
5-66,  and  may  apply  to  either  of 
those  pages,  but  not  to  both 

2.  It  Is  placed  between  pages  5-65  and 
5-66,  and  cay  apply  to  either  or 
both  of  those  pages 

3.  __It  Is  placed  after  page  5-64,  and 
applies  only  to  page  5-65 
It  Is  placed  betyeen  pages  5-65 _and 
5-66,  and  applies  only  to  page  5-65 


5-28. 


5-23. 

I 


5-24. 


5-25. 


5-26. 


5-29. 


Where  Is  the  Issue  date  of  a  replacement 
page  In  a  manual  noted? 

1.    On  the  back  of  the  manual's  coyer  page  • 
On  the  bottom  of  the  replacement  page 
On  the  back  of  ^he  replacement  page 
On  the  front  .ojt  the.  manual's  cover 


2. 
3. 

.4. 


page 


.^earning  Objective:    Identify  types, 
eContents,  purposes,  and  procedures 
associated  with  letter-type  and 
miscellaneous  avl&tlon  publications. 


When  It  Is  NOT  feasible  to  Issuo  a  revi- 
sion to  a  manual,  the  technical  instruc- 
tions therein  are  updated  by  means  of  a 

1.  Change  or  Bulletin 

2.  Notice  or  Technical  Order 
3..0  Technical  Note  or  Change 
4. '  Bulletin  or  Notice 

What  type' of " technical  directive  is 
disseminated  by  means  of  a  message? 

1.  Notice  . 

2.  Interim  Change  or  Bulletin 

3.  Technical  Note 

4.  Technical  Order 

Of  the  following  „d irect Ives  ^.  the.  one  that 
would  be  classified  as  a  Bulletin  is  the 
'  one  which  contains  instructions  and 
directions  to 

1.  install  a  specified  workstand  compo- 
nent ^ 

2.  correct  a  safety  or  operational 
condition 

3.  perform  tests  on  a  specified  fuel 
system  component 

4.  modify  the  parts  of  a  specified 
ignition  system 


5-27.    Which  type  of  directive  is  identified  as  a 
completely  new  edition  of  an  existing 
directive? 

1.  Amendment  ■ 

2.  Reissue 
'3.  Revision 

4.  Change 


5-30. 


5-31. 


5-32. 


An  Interim  Directive  pertaining  to  a  sys- 
-tem  that  is  NOT  in  use  on  an  equipment  has 
the  type  of  action  printed  at  the  top  of 
the  cover  page  and  a  border  of  Xs  around 
the  cover  page.    The  time  limit  for 
compliance  is 

1.  within  120  days  of  the  date  of  issue 

2.  prior  to  ,the  next  use  of  the  system 

3.  no  later  than  the  next  scheduled  over- 
haul 

4.  no  later  than  the  ne^jlt  periodic  inspec- 
tion 


ext 


Refer  to  table  5-3  in  your  textbook.  If 
an  interim  directive  labeled  URGENT  ACTION 
pertains  to  support  equipment  which 
Involves  the  use  of  affected  components  in 
an  ignition  system,  what/ is  the  time  limit 
for  cofmpliance? 

1.  \^ithin  60.  days  of  the  date  of  issue 

2.  No  later  than  the  next  overhaul 

3.  No  later  than  the  next  periodic 
inspection 

4.  Prior  to  the  next  use  of  the  ignition 
system 

Directives  containing  information  concern- 
ing policy,  administration,  and  air  opera- 
tions that  are  applicable  for  only  a  brief 
period  of  time  are  called 

1.  Specifications 

2.  Instructions 

3.  Bulletins 

4.  Notices 

If  an  ASM  wants  to  obtain  the  most  accu- 
rate current  information  on  the  subject 
of  accident  prevention,  what  should  he 
read? 

1.  Approach 

2.  Naval  Aviation  News 

3.  'the  applicable  Crossfeeds  ,  " 

4.  MECH 


Learning  Objective:  Identify  how 
the  Maintenance  Information  Auto- 
mated Retrieval  System  functions. 


The  delay  between  the  time  a  technical 
manual  change  is  idsued^  and  the  time  that 
change  is  translated  into  a  repair  action 
is  known  to  the  ASM  as 

1.  ^  warning  time 

2.  *  damai_e^time 

3.  lagging  time 

4.  safety  time 
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5-^4. 


2. 
3. 
4. 


The  MIARS  is  a  program  Implemented  by 

1.  SECNAV 

2.  CNO 

3-  NAVAIRSYSCOM 

4.    NAVSUPSYSCOM  ^{ 

/ 

Refer  to  table  5-A.    A  film  cartridge  with 
a  number  of  SE2.399  is  applicable  to  what 
level  of  maintenance? 
1.  Organizational 
Depot  only 

Depot  and  Iptermediate 
Intermediate  only 

\ 

 ^  \   ■ 

Learning  Objective:     Indicate  func- 
tions of  drawings  developed  to 
facilitate  equipment  main;;enance, 
and  recognize  the  use'^^nd  applica- 
tion of  related  symbols,  codes,  and 
publications. 


In  items  5V35  through  5-38,  select  from  column  B 
the  type  of  illustration  applicable  to  each  use 
listed  in  column  A. 


B..  Illustrations 

1.  Pictorial 

2 .  Dimension 

3.  Cutaway 


5-40.  .Which  geometric  symbol  is  used  to  denote 
true  position  in  locating  an  object  on  a 
drawing? 

3.  /0 


5^4^^.    Which  electronics  symbol  represents  a 
battery? 


5-42. 


5-35. 


To  present  construc- 
tion detail  that  is 
not  clearly  shown  by 
other  illustrations" 


5-43. 


5-36.    To  show  actual  size 

■    or*  distance  measurements  4.  Assembly 

5-37.    To  show  what  a  unit 
actually  looks  like 

5-38.    To  show  how  parts  of  a 
unit  are  put  together 
to  form  the  unit 


5-44. 


5-39.    A  block  diagram  serves  to  show  the 

1.  overall  functional  operation  of  a 
system 

2.  physical  shape  of  a  component 

3.  physical  size  of  a  component 

4.  physical  location  of  a  component 

Refer  to  figure:  5-7  in  answering  items 
•    5-?yand  5-41. 


5-45. 


^1- 


2. 
3. 


Which  type  of  firing  diagram  would  yoa  use 
to  obtain  the  greatest  detail  to  aid  you 
in  the • testing-and  maintenance  of  the  wir- 
ing on  a  piece  of  support  equipment? 

1.  System 

2.  Section 

3.  Circuit  ~  ^ 

4 .  Component  .  | 

On  an  isometric  drawing,  a  shielded  6-wire 
interconnecting  cable  is  represented  by 
how  many  lines? 

1 .  One 

2.  Two 

3 .  Six  "  • 

4.  Seven 

To  facilitate  maintenance,  which  source  of 
information  should  be  consulted  when —  . 
deciphering  the  co'de  on  a  wire  or  cable 
given  In  a.  chassis  diagram? .  ^ 

1.  The  construction  diagram 

2.  The  chassis  diagram 

3.  The  maintenance  manual  for  the  given 
piece  of  equipment 

4.  The  latest  revision  of  MIL-W-5088C 

In  figure  5-8  the  unit  number  and  circuit 
functiori  designators  show  that^the  wire  is 
used  for    .  — 

1.  general-purpose  installation  and  it'^s 
the  second  of  only  two  identical 

^  installations 

2.  either  «c  or  dc  poyer  and  another 
identically  installed  unit  uses. the 
alternate  power 

3.  dc  power  and  there  is  at  least  one 
.      more  identically  installed  unit  in 

the  fi^ime  equipment 

4.  ac  power  and  there  is  lat  least  one 
mor*.  identically  installed  unit  in 

~the  same  equipment 
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5-46.    Usually,  the  stated  size  of  tubing  indi- 
cates the 
^  1.    outside  diameter 

2.  length  of  the  unit  riin* 

3.  pressure-carrying  capability 

4.  inside  diameter 

5-47.    Why  are  symbols  used  in  line  identifica- 
tion? 

1.  So  that  secondary  functions  may  be 
indicated  in  minimum  space 

2.  So  that  lengthy  words  or  phrases  will 
not  have  to  be  imprinted 

3>.    So  that  line  construction  characteris- 
tics may  >be  indicated  in  addition  to 
functional  descriptions 

4.     So  that  non-English-speaking  peopled 
and  colorblind  people  can  identify 
the  line  functions 


5-51.    An  internal  combustion  engine  is  a  machine 
that  converts  energy  from  one  form  to 
anotlier*  and  the  conversion  that  takes 
place  -is  a  change  of 

1.  mechanical  energy  to  heat  energy 

2.  chemical  energy  to  heat  energy 

3.  heat  energy  to  chemical  energy 

4.  heap  energy  to  mechanical  energy 

5-52.    Internar  combustion  engines  need  three 

essentials  in  order  to  operate.    Which  of 
the  following  is  NOT  one  of  these 
essentials? 
.  1.  Air 

2.  Water 

3.  Fuel 

4.  Ignition 


5-48. 


5-49. 

> 


5-50. 


Refer  to  figure  5-9  in  your  textbook. 
What  is  carried  in  a  'line  identified  by 
green  tape  upon  which  horizontal  rectangles 
are  printed?  »  ^ 

1.  Rocket  oxidizer 

2.  Rocket  catalyst 

3.  Inerting  gas 

4.  Breathing  oxygen 


around  ^  gasoline  line? 


In  items  5-5.3  through  5-56,  select  from  column  B 
the  diefinition  of  each  term  in  column  A. 


1. 
2. 
3. 
4. 


PHDAN 
TOXIC 
FLAM 
AAHM 


A.  Terms 

B. 

Definitions 

5- 

-53. 

Work 

1. 

The  ability  to  do  work 

5- 

-54. 

Energy 

2. 

The  rate  at  which  work  is 

accomplished 

tape  5- 

-55. 

Power 

3. 

r  The  movement  of  an  object 

5- 

-56. 

Friction 

against  an  opposing  force 

•4. 

The  resistance  to  motion 

Refer  to  table  5-5  in  ydur  ^extbook. 
Which  of  the  following  fluids  would  all 
have  "PHDAN"  -marked  on  the  lines  carrying 
them? 

1.  Carbon  ^oxide,  gaseous  oxygen,  liquid 
oxygen  (LQX) ,  and  JP-4 

2.  Freon,  liquid  nitrogen, .and  Trichlor-  .* 
ethylene 

3.  Carbon  dioxide,  liquid  nitrogen,  Freon, 
and  liquid  oxygen  (LOX) 

4.  Carbon  dioxide,  nitrogen  gas,  alcohol, 
and  Freon 


Learning  Objective:    Recognize  oper-^ 
ating  principles,  terms,  and  physi- 
cal properties  associated  with 
internal  combustion  engines,  and 
identify  and  utilize  formulas  for 
calculating  horsepower,  piston 
displacement,  and  compression  ratio. 


between  two  objects  that 
are  in  contact  with  each 
oth6r 


5-57.    If  it  takes- a  person  using  a  hoist  30 

seconds  to  raise  a  264-pound  engine  block 
10  feet,  approximately  how  much  horsepower 
■  is  developed? 

1.  0.16  hp 

2.  0.32  hp 

3.  1.60  hp 

4.  3.20  hp 

5-58.    What  property  of  matter  causes  an  object 
to  remain  at  rest  or  in  uniform  motion  in 
the  sane  straight  line  unless  acted  upon 
by  some  external  force? 

1.  Resistance 

2.  Gravity  . 

3.  Inertia 

4.  Kinetics 
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5-59.    Which  of  the  following  is  the  correct 

mathematical  manipulation  for  determining 
the  efficiency  of'  an  Internal  combustion 
engine? 

.    1.    Divide  the  brake  hor9epower  into  the 
indicated  horsepower  ^ 

2.  Divide  the  indicated  horsepower  into 
the  brake  horsepower 

3.  Subtract  the  brake  horsepower  from 
the  indicated  horsepower 

4.  Subtract  the  indicated  horsepower  from 
the  brake  horsepower 

5-60.    Using  3.14  to  represent  ir,  what  is  the 

approximate  displacement  of  a  piston  with 
a  2.0- inch  bore  and  a  4.25-lnch  stroke? 

1.  6.72  in3 

2.  13.35  in3 

3.  26.70  in3 
^.        4.     53.40  in3 

  <  '.^j 

5r61.    What  Is  the  approximate  compression  ratio 
of  the  piston  in  the  prscediag  item  if  the 
volume  of  the  combustion  chamber  Is 
1.335  in3? 

1.  4  to  1 

2.  6  to  1 

3.  8  to  1, 

4.  10  to  1 


Uefer  to  figure  6-4  in  your  textbook  in  answering 
items  5-62  through  5-65.    Select  from  column  B 
the  valve  iictlon  associated  with  each  stroke  of 
a  four-stroke  cycle  engine  listed  in  aolumn  A. 

A.    Strokes         B.    Valve  Actions 

5-62.    Intake  1.    Both  valves  open 

5-63.    Compression       '2.    Both  valves  closed 

5-64.  Power- 

5-65.  Exhaust 


3.    Exhaust  valve  open 
and  Intake  valve 
closed 


4.  Intake  valv  ^aii 
and  exhaust  . .  ve 
closed 


5-66.    In  a  two-stroke  cycle  engine j  every  down 
stroke  is  a 
*  1.    power  stroke 

2.  intake  stroke  \_. 

3.  "    exhaust  stroke 

4.  compression,  stroke 


Learning  Objective:    Identify  the 
basic  operating. principles  of  th6 
two-stroke  cycle  and  four-stroke       ^  ' 
ipycle  internal  combustion  engines. 
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ReclpfaocatlnK  Combustion  Engines 


AssigMi^ment  6 


Text:    Pages  157  -  189 


\ 


6-1. 


6-2. 


6-3. 


6- A. 


Learning  Objective;    Identify  the 
major  component s^and  associated 
parts  of  the  internal  combustion 
engine »  theix^^jiurposes,  operating 
and  design  characteristics,  and 
applicable  preventive  and  corrective 
maintenance  procedures. 


That  component  of  Che  internal  combustion 
engine  that  is  considered  the  basic 
engine  frame  upon  which  all  accessories ~ 
are  attached  is  the 

1 .  heaH\ 

2.  block  \  /» 

3 .  manifold 
A.  crankcase 

Wet  liners  ani  dry  liners,  which  are 
either  slip  fit  of  press  fit,  refer  to 

1.  the  inner  surfaces  of  all  cylinders- 

2 .  all  gasoline  -cylinder^ walls 

3.  wear-resistant  9  metal  alloy,  ^replace-^- 
able  cylinder  walls 

A.     the  inner  surfaices  of  the  liquid  cool- 
ing system  next  to  the  cylinder  walls 


If  it  is  'determined  that  corrective 
maintenance  action  to  an  engine  is 
^necessary  due  to  excessive  wear  on  the 
sides  of  ~a  cylinder " wall,  which^of—the,^ 
following  would  indicatte  the  most  probabl.e^ 
solution? 

1.  Rebore  the  cylinder  , 

2.  Replace  the  engine  block 
3*    Install  oversized  rings  on  the  old 

piston  to  take  up  the  slack  created  , 
by  wear 

A.    Install  oversize  pistons  with  old  rings 

The  piston  in  an  internal  combustion 
engine  is  used  to 

1.  d'issipate  the  heat  of  combustion 

2.  prevent  combustion  energy  from  affect- 
ing the  crankshaft  motion 

3.  transfer  the  force  of  combustion  to 
the  connecting  rod 

4.  transfer  the  force  of  combustion  to 
the  cylinder  wall 


6-5.    What  is^l\e  correct  order,  -^rom  top  to 
bottom,  in^yhich  compression  and  oil 
regulating  r^ngs  should  be  placed  on  a      ~ - 
piston  with  fbur  ring  grooves? 

1.  Compression^  oil  regulating,  compress-  . 
ion,  oil  reg^ating 

2.  Oil  regulating,  compression,  compress- 
ion, oil  regulat;ing  - 

3.  Compression,  oil  regulating,  oil 
regulating,  compr^sion     ,  ^  ' 

A.    Compression,  compression,  oil  regulat^ 
ing,  oil  regulating  \ 

6-6.    Refer  to  figure  6-7  in  youV  textbook..  The" 
_ cylindrical  surf ace  on  the  bottom  portion 
of  the  piston  is  referred  to  ^as  the 

1.  land  \ 

2.  boss  ^  \ 

3.  skirt 
A.  head 

6-7.  Approximately  what  percent  of  the  heat  of 
combustion  that  is  absorbed  by  the  piston 
is  transmitted  to  the  cylinder  walls  by 

  the  piston  rings? 

~^T.-~  -15--percent 

2.  33  percent   

3.  50  percent  — — 

A.    67  percent  .  ^'''^^ 

6-8."    The  main  purpose  of  the  piston  and  piston 

rings  combination  is  to  ^  '-"^ 

 1. — transfer"i:he"heat~^f "combust ion  to  the 

cylinder  walls 

2 .  provide  a  seai  below  .the  cylinder 
combustion  chamber  - 

3.  guide  the  upper  end  of  the  connecting 
rod 

A.    scrape  oil  from  the  cylinder  walls  and 
return  it  to  the  crankcase 


6-9.    When  a  new  piston  assembly  is  installed  in 
.an  intemal-combustloa-engine,  which- of 
the  following  is  necessary  before  the 
piston  assembly  can  be  inserted  into  the 
cylinder? 

1.  The  unit  must  be  balanced 

2.  The  rings  must  be  spreacf  apatt 

3.  The  rings  must  be  compressed 

A.    The  unit  must  be  attached  to  the 
crankshaft 
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Most  of  the-tnaintenance  accomplished  on 
connecting  rods  Involves' replacement  oz: 
the 

1«    twisted  jrods 

broken  roHs-—  -  J\ 

arlngs,  or  bearing  Inserts 
wrist  pins 


6-17. 


6-18, 


.6-11, 


6-19. 


6-13, 


6-lA, 


"6'-15  • 


6-16- 


6-20. 


The  crankshaft  changes  the  motion  of  the 
pistons  and  connecting  rods  to  what  type 
of  motion? 
1.  Rotary 
2«  Relative 

3«    Up  and  down  " 
Back  and  forth 

lart  of  the  crankshaft  where  the 
ting  rod  is  fastened  is  offset  * 
to  glve^vthrust  to  the  shaft  and  is 
called  tne  - 

1.  throw  \^  ^ 

2.  speed  handle 

3»    brace      ^        ,  c      '  i 

A.  crank 

How  many  revolutions  does  a  crankshaft 
make  for  each  power  stroke  of  the  piston 
In  a  four-stroke  cycle  engine? 

1,  One 

2,  Two 

3,  Three 

A.    'cur  ' 

'  '    -A.  ■ 

How  is  the  torsional  vibration -of  a  crank- 
shaft controlled? 

1.  By  regulating  the  shaft's  rotational 
speed 

2.  By  installing  shorter  connecting  rods 
3«    By  installing  a  damper  on  the  front 

of  the  crankshaft 
A.    By  installing  a  damper  on  the  rear  of 
the  crankshaft 

The  camshaft  timing  gear,  operated  by  the 
crankshaft  gear,  directly  operates  all  but 
which  one  of  the  following?  ^ 
1,    Puel  pump  ^ 
2«    Vater  pump  ^ 
3«    Valve  mechanism 
A.    Ignition  distributor 

Which  of  the  following  statements  concern- 
ing a  flywheel  on  an  internal  combustion 
engine  is  correct? 

1.  Its  ring  gear  is  meshed  with  the  cam-^ 
shaft  gear 

2.  It  stores  energy  and  helps  torsional 
vibration 

3.  It  is  connected  to  the  starter^ drive 
gear  by  a  chain 

A.    A  relatively  large  one  is  required  for 
an  8-cylinder  engine  while  a  small  ^ 
one  will  suffice  for  a  2-cylinder  50o 
engine  ' 

.34 


How  many  valves  does  a  standard  B-cyl^nder 
engine  have? 

1.  2A 

2.  16  ,      ^  -    .  - 

3.  Z 
A.  4 

Refer  to  figure  6-lA  in  your  textbook. 
Why  are  valve  seats  made  angular  rather 
than  flat? 

1.  To  provide  greater  contact  surface 

2.  To  reduce  carbon  buildup  on  the  seat- 


6-21. 


\ 


3. 


A. 


Ing  surface        -         '    ^  " 
To  lower  the  y^^e  into  the  head  or 
block  ' . 

To  prevent  accumulation  'of  carbon  in 
the  valve  guide 


What  is  the  first  Operation  you  should 
perform  in  reconditioning  valves  after 
their  removal? 

1.  Grind  them  and  their  seats  * 
'2.    Clean  the  carbon  off  with  a  wire,  brush 

or  buffing  wheel  ^ 
3.    Service  the  guides  and  replace  th«m  if 

\  necessary 
'  A      Install  new  seat  Inserts  . 

Valve  guide  wear  can  be  checked  by  usln/f 
a/an 


3. 


inside  micrometer 

a  hole  gage  and  micrometer  to  determAue 
the  relative  sizes  of  the  guide  and  the 
valve  stem 

a  tenslometer  to  measure  the  force  ^ 
necessary  to  lift  the  valve 
feeler  gage  ^ 


After  the  valves  have  been  removed, 
inspection  reveals  that  the  replaceable- 
type  valve  guides  are  badly  worn.  Proper 
servicing  requires  that 

1.  valves  with  standard  oversize  stems 
/       be  installed 

2.  the  guides  be  resmed  and  the  original 
valves  reinstalled  ^ 

3.  the  guides  be  reamed  to  a  larger  size 
and  new  valves  with  oversized  stems  be 
installed 

A.    the  guides  be  replaced  with  new  ones 

Which  type  of  stone  should  you  use  to 
\  recondition  a  valve'^seat  contact  that  is 
\too  wide  and  low  as  shown  in  figure  6-15 

%x\  your  textbook? 

1«    A  soft  seat  stone  / 

2.  \  A  fihishitig  stone 

3.  \a  hard  seat  stone 

A.    A  20**  narrowing  stone 
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11  be  the  result  If  valves  are  6^29, 
ted  with  too  little  clearance  between 
and  t^e  rocker  arms  or  mechanical' 
fters?  . 

The  valves  will'  open  late 
The  valves  will  not  open  far  enough 
Ihe  -valves  will  overheat  and  warp 
ihe  valves  will  cause  the  engine  to  , 
vrate  too  cold 

Valves  in  the  block  are  adjusted  when  the  - 
position  of  the  piston  is 

1,  top  dead.^center  (TDC)  on  the  canpress- 
ion  stroke 

2,  top  dead  center -.(TDC)  on  the  exhj;ist 
storke       "      •  . 

3,  bottom  dead  center  (3DC)  on  the  power 
stroke 

4,  bottom  dead  center  (BDC)  on  the  intake  6-30. 
stroke 


6-25.    Hydraulic  valve  lifters  provide  ideal 

valve  timing  because  they 
t  1,    operate  with  zero  clearance  only 

2.  compensate  for.  change^  in  engine 
temperature  only 

3.  compensate  for  minor  wear  at  various 
1         points  within  the  lifter  only 

4.  operiate  with  zero  clearaince  and  compen- 
sate for  changes  in  engine  temperature    6-31 « 
and  for  minor  we'ar  within  the  lifter, 

6-^26.    If  a  clicking  noise  lis  heard  in  an  engine ^ 
this  would  be  caused  by  a  faulty 

1,  Jitter  ^ 

2,  fin^^!.-*»^ 

3,  wrist. pin.  6-32. 
4«     timing  chain 

6-27.    If  the  plunger  of  a  hydraulic  valve  lifter 
is  found  to  be  faulty,  proper  servicing 
requires  replacement  of  the  ' 

1.  plunger 

2.  pltjjiger  and  the  iiiertia  valve 

3.  pliinger,  inertia  valve,  and  the  check 
hall 

^.A.    gntire  valve  lifter  unit 

6-28.    Which  of  the  following  are  not  contained 

within  the  cylinder  heads  of  V8,  overhead  ^ 
valve 9  internal  combustion  engines? 

1.  Combustion  chamber  indentations  . 

2.  Threaoed  openings  for  spark  plugs 

3.  Parts  df  the  valve  opei^ting  mechanisms 

4.  Parts  of  the  exaust  and  intake  mani- 
folds 


What  part  of  the  engine  must  be  rembyed  to 
-Inspect  the  crankshaft,  camshaft,  and; 
connecting  rods? 

1,  Oil  cover 

2,  Oil  pan  .       *  ! 

3,  Exhaust  manifold  | 

4,  Cylinder  head 


Learning  Objective:    Relative  to 
internal  combustion  engine  cooling 
systiems*,  identify  the  purpose, 
operating  principles,  components, 
and  troubleshooting  and  maintenance 
problems  and  techniques. 


The  cooling  system,  whether  of  the  air  or 
liquid  type^.  is  specifically  designed  to 
keep  the  internal  combustion  engine  cperat-  / 
ing  at. what  temperature?     /y  V    /'  . 

1 .  Approximately  400*  F   ' '  '  \  /  .  * 

2,  Approximately  500*  F  /\ 

3.  At  its  most  efficient  o^^erating  temp^er^*-. 
ture  y 

4,  At  the  temperature  at  which  the  lubri- 
cating oils  ar£  most  efficieiit 

'   -  ■  .  / 
In  an  air  cooled  engine,  what  systems  are 

designed  to  help  keep  the/:engine  cool? 

.1.    Fuel  and  lubricatioii  systems 

2.  Fuel  and  water  coolant  systems 

3.  LubricatA)n  and  water  coolant  systems 

4.  Water  coolant  and  air-flow  systems 

Proper  maintenance  of  an  air  cooled ^engine's 
cooling  system  does  NOT  encompass  which  of. 
the  following  maintenance  procedures? 

1.  Keeping  baffles,  fins,  shrouds,  and  fans 
free  of  dirt,  grease,  and  foreign  matter 

2.  Pei#odic  inspection  arid  tightening  of 
shrouds,  baffles,  and  def electors  ^ 

3.  Replacing  or  straightening  broken  or 
bent  parts 

4.  Replacing  or  straightening  broken  or 
bent  parts 

Items  6-33  fehrough  6-53  refer  to  liquid 
cooling  systems. 
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6-33.    Which  of  the  following  represents  the  6-38. 
sequence  of  the  flow  of  coolant  through  ! 
an  Internal /combust Ion  enRlne?*  i 
'\      1.    Pump  -►/cylinder  head  radiator 
cylinder  block  pujap 
•  ^;iV^'<^Pump/*-  cylinder  block     cylinder  head 
^  radiator  pump 

3.    Pump      cylinder  head     cylinder  block  i 

'      radiator      pump  • 
A.    Pump     radiator     cylinder  head  ^  . 

/cylinder  block     pump  6-39. 

6-34.    That  section  of  the  system  which  permits 
the  heat  generated  within  an  operating 
Internal  combustion  engine  to  be  conducted 
Into  the  coolant  and  to  be  dissipated 
later  In  the  circulation  process  Is  called 
the 

1 .  radiator 

2.  water  jacket 

3.  coolant  j acket-'   '     — "  "6^0V 

~  ^-^^    cylinder  block  passages 

6-35 .    What  Is  the  action  of  the  water  pump  In 
the  liquid  cooling  &ystem? 

1.  With  force  It  circulates, water  from  > 
the  top  of  the  radiator  to  the  bottom 

V  ,  of  the_radiator —  6-Al. 

"  2.    With  force  It  circulates  water  from 

the  bottom  of  tlie  radiator  to  the  top 
of  the  radiator 
3.    With  force  It  applies  power  to  the 
fan  forcing  It  to  Increase  air  flow 
across  the  engine  6-42. 
A.    It  regulates  the  flow  of  coolant  In 
the  cooling  system 

6-36.    Why  Id  a  water  pump's  moving  shaft  a 

likely  place  for  a  cooling  system  leak? 
1'.    Because  the  Impeller  Is  submerged 
within  the  coolant 

2.  Because  the  power  source  Is  external  6-43. 
to  the  coolir;}  system 

3.  Because  the  impeller  shaft  Is  mounted 
on  one  or  more  ball  bearings  which 
require  outside  lubrication 

4.  Because  the -pump  housing  Is  a  unit 
within  Itself  and  Is  removable  from 
the  block 


What  Is  the  purpose  of  the  radiator  In 
the  system?  - 

1.    To  prqvlde  a  reservoir  for  the  coolant 
^2.    to  divide  the  coolant  into  many  small 
streams^ 

.3.    .tb  transfer  heat  from  the  coolant  to 

the  air  moving  through  it 
4.    To  break  up  the  air  pulled  by  the  fan 

into  many  small  streams 


Why  is  a  radiator  pressure  cap  used? 
For  faster  circulatloui  hence  more 
efficient  cooling 

For  slower  circulation ,  hence  more 
efficient  tooling 

For  high  engine  operating  temperatures 
wlthout^  coolant  loss 
For  low  engine  operating  temperatures 
without  coolant  loss 


4- 

2. 


4. 


How  many  valves  are  normally  in  the, 
pressure  radiator  cap?  ^ 

1.  One 

2.  Two 

3.  Three 

4.  Four 


The  system's  thermostat  is  activated  by 

1.  pressure 

2.  expansion 
3*  contraction 
4.  temperature"^ 

What  is  the  normal  position  of  a  oroperly- 

functioning  thermostat  when  the  engine 

is  at  operating  temperature? 

1*    Completely  open 

2*    Completely  closed 

3,.    Half  open 

4'.    Three-fourths  open 

The  engine  units  of  the  temperature  gages 
of  both  the  Bourdon  tube  and  the  electric 
types  are  installed  so  that  they  detect 
the  temperature  of  the 

1.  lubricating  oil 

2.  coolant   .  ,  , 

3.  metal  of  the  block 

4.  exhaust  manifold 


6-37.    The  purpose  of  a  fan  shroud  Is  to 

1.  provide  a  safety  guard  ardUnd  the 
moving  fan  blades 

2.  assure  that  all  of  the  air  pulled  back 
by  the  fan  Is  directed  over  the 
engine  assembly 

3.  '    Improve  the ^ef f Iclency  of  the  engine 

4.  stabllze  the  mounting  of  the  radiator 


6-44.    HoW|  if  at  all,  can  a  damaged  temperature 
j'^ge  with  a  Bourdon  tube  be  repaired? 

1.  With  a  soldering  ;^ron 

2.  It-  cannot  be  repaired 

3.  By  pinching  the  tube 

4.  By  sending  the  unit  to  overhaul 


36. 


507 


ERIC 


6->45.    When  antifreeze  Is  used,  frequent  check- 
ing for  leaks  is  necessary  because  , .  ^ 
antlfreeri  ^^;>  ' 

!•    makes  the  water  less  viscous  *^  ' 

2.  evaporates  easily 

3.  corrodes  or  rusts  the  cooling  system 
A*    penetrates  openings  and  connections 

more  readily  than -water 

fi-Afi^     Ttt  teat^ing  antifreeze- sn^l1^^ona,  a  hydror^ 


/It  items  6-51  through  6-53,  select  from  column 
B  the  appropriate  test  procedure  for  each  cooling 
system  problem  listed  in  column  A. 


A.    Problems       B.    Test  Procedures 

Air  leak  1.    Disconnect  the  upper 

  V>nHOy  Tomnvo  the  fAn 


6-51. 


meter  measures  the  solution's 

1.  density 

2.  specific  gravity 

3.  freezing  temperature 

4.  content  of  antifreeze  compared  to 
that  of  water 

6-47.    A  foaming  action  causing  some  loss  of 

— :  eod&nt  solution  itivm  Bn^opHrarteg^nglne* 

cooling  system  may^r!isult  if 

1.  there  is  air  in  the  system^^ 

2.  different  types  of  antifreeze  are 
mixed  together 

3.  the  percentage  of  antifreeze  in  the  

solution  is  too  great 

4.  there  is  rust  in  the  radiator 

6748.    In  the  absence  of  pertinent  instructions , 
cooling  systems  should  be  flushed  and 
cleaned  at  least 

1.  every  quarter 

2.  twice  a  year 

3.  at  every  maintenance  inspection 

4.  once  ,a  year 

6-49.    What  is  the  first  step  taken  in  flushing 
the  Cooling  system? 

1.  Add  more  water. 

2.  Drain  all  the  water 

3.  Add  rust  cleaning  compound 

4.  Run  the  engine  for  thirty  minutes 

6-50.    Which  of  the  f ollowing-may  cause  an 

operatiiig  engine  to  run  cither  too  cool 
or  too  hot?. 

1.  A  malfunctioning  thermostat 

2.  A  defective  pressure  cap 

3.  A  colliapsed  water  hose 

4.  A  slipping  fan  belt' 


6-52.      Water  pump 

inefficiency 

6-53.      Exhaust  gas 
leakage  into 
the  system 


belt  and  thermostat, 
start  the  engine  and 
observe  the  coolant's 
reaction 


With  the  engine  warm 
and  running,  squeeze 
the  upper  radiator 


hose  to  determine  if  ^ 
pressure  'is  present 

3.  .  Push  in  on  the  belt 

midway  between  the 
pulley s  to  check  its 
tension 

4.  Attach  a  hose  to  the 
overflow  pipe  and 
place  the  other  end 
in  a  bucket  of  water 
and  check  for  bubbles 


Learning  Objective:    Relative  to 
an  internal  combustion  engine's 
lubrication  system  and  system 
components,  identify  functions, 
ventilation  and  circulation 
principles,  and  maintenance 
problems  and  techniques. 


.6-54.    Which  of  the  following  is  the  primary 
function  of  an  engine's  lubrication 
.  system? 

1.  To  prevent  metal-to-metal  contact 

2.  To  aid- inldooling  the  engine 

3.  To  help  keep  the  engine  parts  clean 

4.  To  act  as  a  shock  absorbing  agent 

6-55.    What  two  types  of  611  pumps  are  normally 

used  in  the  lubricating  system? 
I         .1.    Gear  and  piston 

2.    Gear  and  rotary 

3*    Rotary  and  piston 

4 .    Rot_ary  and  vane 


6-56 •    What  Is  the  function  of  the  oil  pressure 
gage  In  the  lubrication  system  of  an 
Internal  combustion  engine? 
1.    To  show  the  oil  level  In  the  oil  pan 
2*.  To  maintain  proper  oil  pressure  In 
the  system 

3.  To  ensure  that  30  to  50  psl  are 
produced  by  the  oil  pump 

4.  To  Indicate  the  efficiency  of  the 
 oil  system     j  ■■  


In  Items  6-60  through  6-62',  select  from  column 
B  the  method  by  which  each  type  of  oil  lubri- 
cation system  listed  In  column     circulates  -oil. 

A.    Systems    B.    Circulation  Methods 


6-60. .  Splash 


1.  Oil  Is  circulated  through 
 lines "and  channels  in 


6-57.  -A  spring-loaded  valve  which  opens  to 

allow  oil  to  pass  around  a  clogged  filter  6-62. 
Is  Incorporated  In  which  of  the  following 
types  of  oil  filters? 

1.  Bypass 

2.  Full  flow 

 3- — Strainer  

4.  Enclosed 

6-*58.    In  which  of  the  engine  crankcase  v^jintl- 
latlon  methods  are  the  gasoline  vapors 
recirculated  back  through  the  Intake 
manifold?  ^ 

1.  Positive  only 

2.  Nohposltlve  only 

3.  Positive  and  noposltlve 

A.    Either  positive,  or  nonposltlve  depend- 
ing on  the  presence  of  a  breather 
tube 


6-59.    As  the  oil  leaves  the  regulator  It  Is 
cooled  or  heated  depending  upon  the 
temperature  of  the 

1.  water  In  the  cooling  system 

2.  outside  temperature  of  the  air 

3.  electrical  heating  coll 

4.  glow  plugs 


6-61.  Force-feed 


6-64. 


6-65. 


Full  force- 
feed 


4. 


the  crankshaft  and 
connecting  rods  by  a 
pump,  and  the  cylinders 
are  lubricated  by  oil 
thrown  from  the  connect- 
ing rods 

Oil. is  circuiatea  under 
pressure  from  the  pump 
to  ell  moving  engine 
parts 

Oil  is  circulated  only 
by  dippers  on  the  connect- 
ing rods 

Oil  is  circulated  by  a 
pump  to  the  main  bearings 
and  valves,,  while  dippers 
on  the  connecting  rods 
lubricate  the  cylinders 
by  splashing  oil 


6-63.    Low  oil  pressure  may  be  caused  by 

1.  use  of  an  improper  grade  of  oil  only 

2.  low  oil  level  in  the  crankcase  only 

3.  excessive  heating  of  the  engine  only 

4.  use  of  the  Improper  grade  of  oil, 
low  oil  level,  or  overheating  engine 


If  you  are  Installing  an  oil  line  and  It 
becomes  necessary  to  make  a' very  sharp 
bend  In  the  copper  tubing,  what  should 
you  use  to  make  the  bend? 

1.  Your  hands 

2.  Two  pipe  wrenches 

3.  A  tube  bender 

4.  A  strap  wrench 

To  Isolate  the  problem  of  persistently 
high  oil  pressure  after  the  possibility 
of  a  clogged  oil  line  has  been  eliminated, 
the  ASH  should  next  check  the  operatic 
of  the 

1.  oil  filter  element 

2.  oil  temperature  regulatpr 

3.  oil  pressure  gage  assembly 

4.  oil  pressure  regulating  valve* 
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Asisignment  7 

Reciprocating  Combustion  Engines  and  Reciprocating  Gasoline  Engines 
,T«tt:    Pages  189  -  219 


Learning  Objective;    Recognize  the 


speed  and  power  regulating  force  of 
a  gasoline  engine  and,  relative  to 
governors.  Indicate  functions ,  types* 
and  related  selection  requirements , 
and  operating  principles. 


^ 7-1,     In  a  gasoline  engine^  speed  and  power  output 
are  controlled  by  regulating  the  \ 
.  1,    hotness  of  the  spark  In  the  cylinders 

2,  amount  and  velocity  of  the  air  flowing 
Into  the  cylinders 

3,  amount  of  fuel  Injected  Inter  the 
cylinders 

A,    combustion  chamber  size 

7-2,    Which  component  prevents  engine  oyerspeed- 
Ing  by  making  allowances  for  varying  power 
output  demands? 
;1,    The  governor* 
12,    The  carburetor 

3,  The  accelerator 

4,  The  hand  throttle 

7-3.    The  kind  of  governor  to  be  used  on  a  dlesel 
engine  Is  determined  by  the 
i.     type  of  load  on  the  engine  and  the 

I  degree  of  control  desired 
horsepower  of  the  engine 
gra^  of  fuel  used  In  the  engine 
maximum  engine  oper^lng  speed 

7-A,     in  addition  to  being  cla.  :.ifled  by  speed 

regulation,  governors  on  dlesel  engines  may 
also  be  classified  according  to 

II  functions  performed  only 
2 1,    the  means  by  which  they  operate  the^ 

i fuel-control  mechanism  only 
the  forces  used  In  operation  only 
functions  performed,  how  the  fuel  con- 
trol  mechanism  operates,  and  the  forces 
j    used  In  operations 


In  Items  7-5  througli  7-7,  select  from  column  B 
the  governor  action  that  Is  performed  by  each 
type  of  governor  listed  In  columiLA.  


A,  Governors 
7-5,  Load-limltlng 
7-6,  Variable-speed 
7-7 ,  Speed-llmltlng 


B,  Actions 

1 ,  '  Maintains  any  speed- 

between  Idle  and 
maximum  speed 

2,  Maintains  the  same 
speed  regardless,  of 
the  load 

3,  Keeps  the  engine  from 
exceeding  a  specified 
maximum  speed  and 
from  dropping  below  a 
specified  minimum 
speed 

A,  Limits  the  load  the 
engines  will  handle 
at  various  speeds - 


7-8,  -  If  a  dlesel  engine  Is  controlled  by  a 

spring-loaded  centrifugal  governor,  what  ' 
will  be  the  effect  on  the  speed, of  the 
engine  If  the  centrifugal  force  becomes 
greater  than  the  spring  tension  of  the 
governor? 

1,  The  engine  will  speed  up 

2,  The  engine  will  slow  down 

3,  The  engine  will  alternately  speed  up 
and  slow  down 

A,    Tlie  engine  speed  will  remain  the  same 

7-9,    What  wil7  happen  to  an  engine  that  has  oil 
blow-by  In  the  cylinders  after  the  Ignition 
Is  turned  off? 
..-1,    Normal  operation 

2,  Engine  will  disintegrate 

3,  Engine  will  shut  down  automatic 
A,    Engine  will  decrease  Its  speed 
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7/-10.    The  device  that  reduces  excessive  speed  of 
an  engine  but  still  allows  the  engine  to 
continue  to  run  at  a  safe  speed  is  called 
an  overs pee^d 
1.  trip 
2 •  cutout 
3. .  governor 
A.  switch 


7-16.    Of  the  following,  which  is  considered  the,, 
greatest  asset  to  ensure  accurate  inter- 
pretation of  the  results  of  penetrant- type 
inspections? 

1.  Experience 

2.  Formal  training 

3.  The  ability  to  follow  prescribed 
procedures 

A.    The  ability  to  i^vterpret  technical 
data  correctly 


Learning  Objective:     Identify  inspec- 
tion requirements,  techniques ,  and 
materials  applicable  to  aviation  sup- 
port equipment. 


Zrlj-,?_-OLthgLrL,than  an  equipment's  Period ic  Mainte  

nance  Requirements  Manual,  what  instruc- 
tions list  the  requirements  for  periodic, 
daily,  and  special  inspections? 

1.  Maintenance  Requirement  Cards 

2.  Maintenance  Daily  Cards 

3.  A790.2A/50     ^  ' 
A.  A790.2A/51 

7-12.    What  method  is  generally  employed  to 

inspect  certain  metallic  parts  of  equip- 
ment for  nearly  invisible  cracks  or 
defects? 

1.  '  Paint 

2.  Bright  light 

3.  Penetrant 
A.  Sanding 

7-13.    As  an  alternative  to  the  penetrant  inspec- 
tion, what  type  of  inspection  should  be 
conducted  on  material  which  is  magnetic? 

1.  Fluorescent  dye 

2.  Visible  dye 

3.  Magnetic  particle 
A.    Nonporous  material 

7-lA.    What  materials  are  contained  in  a  fluores- 
cent inspection  kit?, 

1.  Penetrant,  dye  remover,  emulsifier, 
and  developer 

2.  Penetrant,  dye  remover,  emulsifier, 
developer^  and  bright  .light 

'  3.    Penetrant,  penetrant  cleaner,  devel- 
oper, and  black  light 
A.    Penetrant,  Stoddard  Solvent,  developer, 
and  black  light 

7-15.    Which  of  the  following  is  necessarily  com- 
mon to  the  Type  I  and  Type  II  penetrant 
inspection  processes  but  NOT  to  the  Type 
III  process? 
,t'^'^  Developer 

2.  Black  light  .  . 

3.  Solvent  base 

A.    Emulsifier  .  ^ 


7-17, 


7-18. 


7-19. 


7-20. 


Learning  Objective:    Define  trouble- 
shooting, recognize  A^*  equipment 
safety  precautions;  and  identify  the 
authority  for  changes  to  equipment 
and  operatlng-procedurafr. —  


The  definition  of  troubleshooting  may  be 
stated  as 

1.  the  performance  of  preventive  mainte- 
nance inspections 

2.  an  orderly  process  to  segregate 
problem  causes 

3.  the  performance  of  daily  inspections 
A.    the  process  of  deduction  and  elimina- 
tion 

The  ASM's  work  is  potentially  dangerous  in 
that,  unless  he  practices  proper  safety 
precautions,  he  could  possibly  be  injured 
from 

1.  toxic  fumes  only 

2.  electric  shock  only 

3.  hot  fluids  and  hot  metals  only 

A.    toxic  fumes,  electric  shock,  and  hot 
fluids  and  metals 

Modifications  of  existing  equipment  and 
revisions  to  established  operating  pro- 
cedures are  directed  by  orders  and  bulle- 
tins issued  by  the 

1.  work  area  supervisor 

2.  Naval  Air  Systems  Command 

3.  intermedate  m(aintenance  activity 

A.    organizational  maintenance  activity 


Learning  Objective:    Relative  to 
gasoline  engine  starting  sy;stems 
and  their  components,  recognize 
operating  characteristics  and  a 
propable  cause  of  malfunctions. 


Which  unit  is  considered  as  the  central 
unit  of  the  starting,  ignition,  and  gen- 
erator/alternator systems? 

1.  Regulator 

2.  BattW 

3.  Starter 

A.  Distributor 
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7-21. 


What  is  the  approximate  speed  ratio  of  the 
starter  rotor  to  the  crankshaft? 


1. 

1 

to 

1 

2.. 

5 

to 

1 

3. 

10 

to 

1 

4. 

20 

to 

1 

7-22 


Why  is  the  starter  pinion  d ernes hed  from 
the  flywheel  after  the  engine  is  started? 

1.  To  keep  wear  on  the  flywheel  and 
pinion  to  a  minimum 

2.  To  prevent  overspeeding  the  starter ' 

3.  To  reduce  the  noise  level  of  the^-engine 

4.  To  reduce  drag  on  the  engine 


In  items  71-23  through  7-25,  select  from  column  B 
the  meshing  mechanism  described  by  each  opera- 
tional characteristic  listed in  column  A. 


7-27.  Ignition  of  the  fuel-air  mixture  in  an 
engine  cylinder  may  be  accomplished  by 
how  many  methods? 

1.  One 

2 .  Two 

3.  Three 

4 .  Four  J..  , 

7-28.    The  voltage  required  to  force  a  spark 

across  the  spark  plug  gap  is  approximately 
T.    10,000  V 

2.  20,000  V 

)__  3,.    30>i'00  V 

'    4.    40,000  V  . 

*'       •  •■ 

V-2J.    The  electricity  to  the  ^park  plugs  is  con- 

.  trolled  by  the  L_  . 

1.    coil  • 
^•        2.  distributor 

3.  camshaft 

4.  crankshaft 


Characteristics 


7-23.    As  the  starter  rotates, 
the  pinion  is  moved  for- 
ward or  backward  by 
inertia  to  engage  the 
flywheel 

7-24.    It  provides  complete  and 
positive  meshing  of  the 
pinion  and  flywheel  ' 
before  the. starter 
rotates 

7-2S.    As  the  starter  rotates, 
spring- loaded  steel  rol- 
lers move  back  and  forth 
between  the  shell  and 
rotor  to  engage  and 
disengage  the  pinion^  and 
flywheel 


B. 


Meshing 
Mechanisms 


1.  Dyer  drive 

2.  Bendix 
drive 

3.  Centrifugal  7-31. 

4.  Overrunning 
clutch  V 


7-32. 


7-26.    When  starting  troubles  are  traced  to  the 
starting  system,  the  cause  of  the  malfunc- 
tion will  most  often  be  the 

1.  flywheel  teeth 

2.  starter  armature  windings 

3.  starter  pinion  and  spring 

4.  battery 


7-30.-  The  battery  ignition  system  consists  of  how 
many  circuits? 

1.  One 

2.  Two 

3 .  Three  ^ 

4.  Four 

Current  will  flow  through  the  primary  cir- 
cuit whenever  the 

1.  ignition  is  turned  on 

2.  distributor  points  are  closed 

3.  distributor  points  are  open 

4.  condensor  is  charged 

One  of  the  functions  of  the  capacitor  in 
a  battery-ignition  system  is  to- 

1.  stop  the  flow  of  magnetic  lines  of 
flux  when  the  points  open 

2.  act  as  a  safety  gap  for  the  secondary 
coil  .  '  \^ 

3.  allow  a  rapid  collapse  of  the  magnetic 
field  in  the  primary 

4.  stop  the  flow  of  current  through  the 
secondary  winding 

7-33.    The  magnetic  flux  linking  the  primary  and 
secondary,  windings  of  an  induction  coil 
is  changed  by  the 

1.  cam 

2.  capacitor 

3.  distributor  points 

4.  ^  electrodes  in  the  distributor  cap 


Learning  Objective:    Relative  to 
battery  ignitfon  systems,  recog- 
nize components  and  their  func- 
tions, operating  design  charac- 
teristics, and  associated  termc. 


7-34. 


The  term  saturation  period,  when  used  in 
regard  to  an  induction  coil,  is  defined 
as  the  period  of  time 

1.  it  takes  for  the  magnetic  field  in  the 
secondary  windings  to  reach  full 
strength 

2 .  it  takes  for  the  magnetic  field  in  the 
primary  windings  to  reach  full  strength 

3.  current r is  flowing  through  the  second- 
ary  windings 

4.  that"  the'^oints  are  open 
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7-35*    The  purpose  of  the  contact  points  and  cam 

In  the  distributor  is  to 

1«    open  the'  primary  circuit,  causing  a 
spark  to  Jump  across  the  ga^  of  a 
particular  spark  plug  which  Is  con- 
nected Into  the  primary  crcult  by 
means  of  the  distributor 

2«    open  the  secondary  circuit,  causing 
the  magnetic  field  to  collapse  at  max- 
Imu^i  strength 

3.    open  the  primary  circuit,  causing  the 
magnetic  f^eld  to  collapse  at  maximum 
'  •  strength  r 

4..   Induce  a  high  voltage  In  the  primary 
winding,  causing  a  brief,  strong  flow 
,  Of  current  In  the  primary  circuit  ^' 


7-3^.    The  purpose  of  a  capacitor  (condensor)  In 
the  primary  circuit  Is  to  prevent  arcing 
between  the  cpntact  points  at  the  time  of 
'  !•    Initial  opening 

2.  closing 

3.  starting  the  engine 
A.     stopping  the  engine 

'7-37.    What  Is  the  approximate  voltage  of  the 
current  across  a  spark  plug  gap? 

1.  7,500V 

2.  10,000  V 
3*    15,000  V 

4.  25,000  V 

7-38.    The  rotor  functions  to  close  the  circuit 
and  permit  current  to  reach  a  spark  plug 
each  time  the  crankshaft  rotates  by  how 
much?  ' 

1.  One- fourth  of  a  turn 

2.  One-half  of  a  turn 

3.  One  full  turn 
A.    Two  full  turns 

7-39.    In  a  slx-cyllnder  engine  the  cylinders 

ai\d  spark  plugs  are  numbered  consecutively 
from  the  front.    The  leads  from  the  dis- 
tributor are  arranged  to  send  high  voltage 
to  the  spark  plugs  In  which  firing  order? 

1,  2-4-6-1-3-5 

2.  1-3-5-2-4-6 
-3.  2-6-4-1-5-3 

4.  1-5-3-6-2-4  , 

7-40.    For  each  revolution  of  the  distributor 

shaft  on  a  six  cylinder  engine,  the  points 
will  open  and  close  how  many  times? 

1.  Eight  times 

2.  Six  times 


3. 
4. 


Four  times 
•Two  times 


7-41. 


\ 


7-42. 


7-43. 


7-44. 


7-45. 


7-46. 


The  yacUum-type  spark  advance 'mechanism  is 
dlrectlyVconnected  between, the  * 
1*    carburetor  and  spark  plugs 
2.    . spark \plugs  and  distributor  ^ 
3*    distrlbutbr  and  carburetor 
4.    distributor,  sparkplugs,  and  carbure- 
tor 


As  the  engini 
is  advanced 

1.  camshaft 

2.  coll 

3.  dlstributo 
4 •    crankshaft \ timing  gear 


speed  Increases,  the  spark 
the 


for  the  magneto  in  the 
system  is  to  provide 


The  only  purpos 
magneto  Ignitlo 
electricity. for 

1.  battery  chariing  only 

2.  ignition  only\ 

3.  battery  chargj^ng  and  Ignition 

4.  lighting 


^hat  limits  the  output  of  the  9onventlonal 
Ignition  system?  \ 

1.  The  length  of  tlime  the  contact  points 
remain  closed  only 

2.  The  amount  of  current  in  the  primary 
circuit  only  ! 

3.  The  Size  and  rating  of  the  battery 

4.  The  lengths  of  time  the  contact  points 
remain  closed  and  the  amount  of  cur- 
rent in  the  primary  circuit 

In  addition  to  extending  the  periods 
between  engi.>e  tuneups,  which  of  the 
following  advantages  does  the  transis- 
torized ignition  system  have  overy;^ 
conventional  ignition  system?  "'jy 

1.  Extended  breaker  point  life  "^jnly 

2.  Higher  available  voltage  at  the  spark 
plugs  only  " 

3.  Extended  spark  plug  l±te  only 

4*.    Extended  breaker  point  and  spark  plug 
life  add  higher  available  voltage  at 
the  spark  j^lugs   r 


Learning  Objective:    Recognize  common 
causes  of  ignition  system  troubles 
and  procedures  for  identifying,  cor- 
recting, or  preventing  these  troubles, 
including  assolcated  terms  and  data. 


What  ignition  troubles-are -most  of ten 
caused^^  wear  wh  engine  is 

operating?  \ 
1..  Faulty  capkcltor 

2.  Faulty  coli 

3.  Faulty  generator 

4.  Faulty  connection^  or  broken  wires 
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7-47 •    In  troubleshooting  the  Ignition  syst^, 
how  many^  check  points  can  be  visual 
Inspected  before  making  any  test? 

!•    Seven  _  _   

'     2.    Six  . 
3.  Three 
A.  Five 


7-A8*    If  the  coll  Is  connected  so  that  polarity 
Is  reversed y  what  Increase  In  voltage  Is 
required  to  fire  the  plugs? 
ij    10  percent 
l\    20  percent 
3J    30  percent 

Al    40  percent  '  ^ 

7-49*    In  the  dlaltrlbubor  cap»  high  voltage  jump- 

 L  lng_^Qm_the_rjQtQr-_ta_the_  termlna  L_po  at  

,        will  cause  - 

!•    heavy  carbon  deposits 
2»    mild  scaling 
3»  mildew 
«  4*    hard  starting 

7-50»    What  Is  the  correct  color  for  normal 
Ignition  points? 

1.  Bright  silver 

2.  Bright  gray 

3*    Dull»  slate  gray' 
4*    Bright,  slate  gray 

7-51*    What  Is  the  best  method  for  repairing 
points  that  are  burned  or  pitted? 
!•  Replace 

2.  File 
3;  Regap 

A*  '  Reset  the  regulator 

7-52*    With  the  secondary  coll  lead  held  approx- 
imately 3/ 16- Inch  from  ground  and  the 
engine  being  cranked »  a  bright  blue  spark 
Is  observed*    Thjls  Indicates  that  trouble- 
shooting can  be  limited  to  the 
1»    breaker  points »  coll,  rotor,  spark 

plug  leads,  and  coll  lead  ^ 
2»    distributor  cap,  rotor ^  spark  plug 

leads,  and  spark  plugs 

3.  distributor  cap,  coll.  Ignition  resis- 
tor, and  spark  plugs 

4»    Ignition  resistor,  breaker  points,  - 
rotor,  and  coll 
  « 

7-53.    Refer  to  figure  7-10(A).    With  a  voltmeter 
connected  as  shown,  a  battery-to-coll  test 
Is  performed  and  a  drop  of  2,5  volts  Is 
obt^.Ined*    What  does  this  Indicate? 
1*    A  shorted  coll  primary  winding 
2*    A  shorted  Ignition  ^aslstor 
3*'  An  open  Ignition  resistor 
4»    Proper  operation  * 


7-54*    What  test  equipment  l8  used  to  test  spark, 
plug 'leads  for  cracks  or  opens? 
1*    A  multimeter 

2.  ,  A  voltmeter.   _  _  _    .  . 

3*    An  aom&ter 

4,    A  megger 

7-55.    What  does  a  condenser  of  INCORRECT  capacity 
cause? 

'  1*    Heavy. atcing  across  the  breaker  points' 
and  metal  transfer  from  one  contact-  of 
the  breaker  points  to  the  other 
2*    Heavy  arc:lng  across  the  breaker  polnts7 
and  secondary  coll  failure 

3.  Metal  ;,transfer  from  one  contact  to^  the 
other  of  the  br'eaker  points  and  second- 
ary coll  failure 

.„  A.  Fr imary..  coll_  f al^  


7-56*    When  maintenance  on  an  ignition  aystem  is 
preferred,  when. does  the  procedure  call 
^for  replacing  the  capacitor? 

1,  When  the  capacitor  appears  burned 

2,  When  the  points  are  replaced 

3,  When:  the  points  are  burned 

4*    When  so  indicated  on  the  preventive 
maintenance  schedule 

7-57*    Improper  alignment  of  contact  points  will 
result  in 
!•    point  bounce 
2 •    rapid  burning  of  the  points 
3.    point  chatter  ' 
4*    low  voltage  at  the  spark  plugs 

7-58.    What  effect  does  excessive  breaker  point 
gap  have  on  the  ignition  system? 
!•    Extended  saturation  time  for  the  coil, 
and  low  speed  missing 

2,  Reduced  saturation  time  for  the  coil, 
and  high  speed  missing 

3.  Extended  saturation  time  for  the  coil, 
and  high  speed  missing 

4*    Reduced  saturation  time  for  the  coil, 
and  low  speed  misding 

7-59*    Which  of  the  following  statements  defines 
dwell? 

1,    The  distance,  in  degrees  of  crankshaft 
rotation,  that  the  breaker  turns  from* 
the  time  the  points  close  until  they 
open         .      .   *  . 

2*    The  distance,       degrees  of  breaker 
cam  rotation^  iphat  the  breaker  cam 
turns  from  time  the  points  open  until 
they  close 

3*    The  distance,  in  degrees  of  engine 
cat;,  rotation,  that  the  engine  cam 
turns  from  the  time  the  points  open 
until  they  close 

4*    The  distance,  in  degrees  of  itreaker 
cam  rotation,  that  the  breaker  csm  . 
turrs  from  nha  time  the  points  clos« 
until  they  open 
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7-60.  .  Refer  to  figure  7-14.    Which  of  the  7-66. 
following  statments  is  correct  regarding 
the  relationship  between  dwell  and  point 

;■  ^.gap?    •   -    -  -  /    

1.  They  are  the  same 

2.  They  are  indirectly  proportional 

3.  They  are  directly  proportional 

4.  They  are  not  related  7-67. 

7-61:    Vhv  must  engine  oil  or  low  temperature 
grease  NOT  be'used  to  lubricate  the 
breaker  cam?       ~  7^^;' 

1.  Only  special  oir^i^  specified 

2.  It  will  be  thrown  off- and  onto  the 
points 

3.  It  causes  rapid  deterioration  of  the 

point  rubbing  block  -  7-68. 

4.  The  felt  wick  will  not  hold  it 

7-62.    A  distributor  is  being  installed  and  it 
•  will  NOT  bottom.,  What  must  be  done? 

1.  Remove  the  distributor  and  turn  the 
shaft  one  tooth 

2.  Install  the  holddown  bolt  and  pull 
the  distributor  down 

3.  Hold  firm  pressure  on  the  distributor 
and  crank  the  engine  to  align  the  oil 
pump  A 


The  best  tool  to  use  in  adjuscing  spark 
plug  gap  is  a 
1.    round  gage 

2*  -flat  feeler  gage  

3.  standard  gage 

4.  wire  gage 

A  tinge  of  bluish  light,  called  a  corona 
discharge,  that  appears  Just  above  the 
shell  of  a  spark  plug  indicates  the 
presence  of 

1.  oil  around  the  plug 

2.  ^  excessive  heat  around  the  plug 

3.  a  low- tension  field  atoung  the  plug 

4.  a  high-tension  field  around  the  plug 

When' apark  plugs  are  replaced,  under  nor- 
mal condition's,  you  should  determine  the 
proper  heat  range  by  checking  the , 

1.  MRC  for  the  unit 

2.  ^  length  of  the  spark  plug 

3.  the  manufacturer's  manual 

4.  the  information  on  the  old  spark  plug 


In  items  7-63  through  7-65,  select  from  column  B 
the  condition  In  the  cpmbustion. chamber  that 
causes  each  kind  of  carbon  deposit  listed  in 
column  A. 


A.    Carbon  Deposits 

7-63.    Soft,  dry,  blatk 
carbon 


B.  Conditions 

1.    Worn  piston 
rings 


7-64.    Hard,  baked-on,  black 
'carbon 


2.    Lean  fuel-air 
mixture 


7-65.    Wet,  black  carbon 


Rich  fuel-air 
mixture 


4.  Cold-type 
spark  plugs 
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Assignment  8 


Reciprocating  Gasoline  Engines  and  Diesel  Engines 


Text:    Pages  220  -  254 


Learning  Objective:    Recognize -.design 
.characteristics  of  vehicle  headlights 
and  tallllghts,  and  Identify  com- 
ponents, maintenance  procedures,  and 
safety  factors/measures  associated 
with  electrical  circuits  and  batteries. 


8-1.    The  permanent  bonding  of  the  lens  and 

reflector  In  sealed  beam  headlight  units 
makes  them  superior  to  older  type  head- 
lights.   Which  of  the  following  does  NOT 
support  this  statement? 

1.  Entrance  of  dirt,  dust,  and  moisture 
between  the  lens  and  reflector  Is 
.prevented 

2.  Illumination  Is  butter  and  more 
powerfull 

3.  Initial  brilliance  remains  nearly  con- 
stant throughout  headlight  life 

•4.     Adjustment  Is  easier 


.8-2. 


Which  of  the  following  statements  about 
stoplights  'and  tallllghts  Is  INCORRECT? 

1.  Stoplights,  and  tallllghts  are  normally 
contained  In  the  same  housing 

2.  Stoplights  and  tallllghts^^^y  be  con- 
tained In  the  same  bulb 

3.  Stoplight,  candlepower  Is  greater  than 
tallllght, candle  power 

4.  Stoplights  and  tallllghts  are  control 
led  from  the  same  switch 


"8=3^     A  fUS6  uSfed  Iti  .Ch6  Circuit  6f  dh  individual 
electrical  system  will  have  stn  ampere 
rating  equal  to  rhe 

1.  minimum  current  required  to  poerate 
all  units  in  the. system  ,  ^ 

2.  maximum  current  required  to  operate 
*  all  units  plus  a  10%  overload 

3.  maximum  current  required  to  operate^ 
all  units  in  the  system 

4.  minimum  currerit  required  to  operate  ' 
all  units  plus  a  10%  overload 


8-4.     If  a  current  of  60-Hz  ac  were  passed 

through  a  human  body,  whqt  could"  be  the 
effects  of  0.1  ampere  for  1  second  pass- 
ing through  the  body? 

1.  No  effect 

2.  Fatal 

3.  Slight  Illness 

.   4.    Light  headedness 

8-5.    Acid  bums  from  electrolyte  are  hazards 
associated  with 

1.  batteries 

2.  hydrogen  gas  - 

3.  fusea 

4 .  citric  acid 

8-6.     Battlferles  should  be  charged  outside  or  in 
a  well  ventilated  room  because  of  the 
danger  of 

1.  noxious  fumes  ^Iven  off  by  the 
electrolyte 

2.  explosion  from  .the  electrolyte 

3.  explosion  from  hydrogen  gas 

4.  noxious  fumes  given  off  by  the 
hydrogen  gas 


Learning  Objective:     Identify  when 
the  fuel-*alf  mixture  is  leanest  and 
how  the  fuel  Injector  system  operates. 


8-7.    When  is  the  mixture  ratio  of  air  to  gas- 
oline in  the  cylinder  the  leanest? 
lV~'When~  accelerating.  ,  ' 

2.  During  full  load  operation 

3.  During  the  starting  of  a  cold  engine' 

4.  Under  normal  running  conditions  with 
a  warm  engine 

8-8.     In  a' fuel- inject ion  fuel  system,  the 

injector  injects  the  proper  amount  of  " 
fuel  into  the 

1.  cylinder  during  the  intake  stroke' 

2.  cylinder  during  the  compression  stroke 

3.  intake -manifold  during  the  intake 
stroke  ^   

\  4.  Intake  manifold  during  the  compression 
r ■         .  stroke 
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Learning  Objective:    Relative -to  a 
gasoline  engine  fuel  system.  Identify 
-tanks^,^ filters,  6nd  gages  as  to  types^ 
operating  characteristics,  and  main- 
tenance procedures. 


The  normal  pressure  delivered  by  a  fuel 
pump  In  opeta-tlon'  Is 

1.  1  to  3  psl 

2.  3  to  5  psl 

3.  5  to  7  psl  , 


8-15. 


8-9.     In  the  Instrument  panel  unit  of  the 

balancing  coll  type  of  fuel  gage,  which 
components  operate  the  needle  when  the 
tank  Is'  empty? 

1.  The  operating  magnetic  coll  and  the 
permanent  magnet 

2.  THe,.  limiting  magnetic  coll  and  the 
pennanent  magnet 

3.  The  limiting  magjietlc  coll  and  the 
'      operating  magnetic  coll  , 

4.  The  rheostat  and  the  operating  magnetic 
coll 

8-10.  tn  the  thermostatlc-type  fiuel  gafee,  the 
pointer  In  the  gage  unit  Is  actuated  by 

1.  bimetallic  contacts  • 

2.  blme'   illc  blades 

3.  limiting  colls 

4.  *  permanent  magnets  r> 

8-11.  What  'type  of  fuel  filter  Is  most  commonly 
u  used  In  Navy  vehicles? 

1.  *    Ceramic  element 

2.  Paper  element  —  ^7  " 

3.  Metal  disk  \ 

4.  Metal  mesh  screen 


Learning  Objective:    Recognize  auto- 
motive fuel  pump  types,  components, 
functions,  and  associated  Installa- 
tion practices. . 


8-12.  In  addition  to  delivering  fuel  to  the  . 

engine,  the  fuel  pump  must  also  maintain 

a  proper  pressure  in  the  line  between  the 
-  1.    pump  and  the  tank 

2.    pump^and  the  carburetor 
 .3.     tank  ard  the  carburetor  

4.    carburetor  and  the  cylinders 


8-16. 


8-17, 


8-13.' What  effect,  if  any,  does  excessive  fuel- 
pump  t)ressure  have  on  the  fuel  consumption 
^  - of  an  engine? 

1.    Fuel  consumption  is  increased 
Fuel  consumption  Is  decreasea* 

3,  There  Is  no  ef  fect  on  the  amoui^t  of 
fuel  consumed 

4 .  Fuel  consumption  is  either  increased 
or  decreased  depending  on  whether  the 
pump  is.  positive  or  nonpositlve 


7  tro-^-psl  


1. 


8-18. 


3. 


The  carburetor  receives  fuel  from  a 
mechanical  fuel  pump  only  when  the 

pressure  maintained  by  the  diaphragn 
spring  bf  -the  pump  Is  less  than  the  * 
fuel  pressure  in"  the  outlet  ^ 
pressure  maintained  by  the  diaphragm 
spring  of  the  pump  is  greater  than 
ttie  fuel  pressure  In  the  outlet 
fuel  passage  from  the  pump  is.  opened 
into  the  float  chamber  and  the  float 
ne€dle  valve  is  seated 
4,    fuel  passage  from  the  pump  is  closed 
and  the  floiat  needle,  valve  of  the  -y 
carburetor  is  unseated  p 

Which  type  of  fuel  pjjmp  is  Installed  in 
a  housing  in  the  fuel  tank? 
ir    Mechanical  single  action 

2,  «   Me*chanlcal  nonpositlve 

3,  Electric  ail tbpulse   - 

4,  Electric  motor  driyen 

Why  arc  fuel  lines  placed  away  from 
exhaust  pipes,  mufflers,  and  manifolds? 
1,    To  reduce  the  danger  of  fire  if  a 
leak  should  develop  in  the  line 
To  prevent  vaporlocks  caused  by 
excessive  heat 

For  ease  of  maintenance  * 
To  reduce  the  danger,  of  damage  to 
the  fuel  lines  from  excessive  heat 


2, 

3, 
4, 


To  which  of  the  following  are  fuel  lines 
on  vehicles  normally  attached  for  supporti 
X.  Muffler 
,  2 .  Frame 

3,  Radiator   *    .  ^ 

4,  Tailpipe*  " 


Learning  Objective:  Recognize 
theories  and  terms  associated  with 
-the-struct«re  -of-matter,  ani3  identify 
the  purpiDse  of  a  carburetor's  ven- 
turl  passage. 


8-19. 


Which  substances. are  composed  of  con- 
stantly moving  particles  called 
molecules?'. 

1.  Solids,  and  liquids 

2.  Liquids  and  gases  - 

3.  Gases  and  solids 

4.  Solids,'  liquids,  and  gases 


8-20*    In  which  substance  are  the  molecules  held 
closest  together?' 
1%.  Ice 

2,  Water 

3,  Gasoline 
4«    Gasoline  vapor 


The  weight  of  the  molecules  in  the  air 


8-22. 


determines  the  air  ^  s 


specif ic  gravity 
atmudpheric  pressure 
humidity 
dew  point' 


A  Un4er  which  condition  does  liquid  evapo- 
rate, the  fastest?  \ 

i.    l^ow  temperature  ^d  low  atmospheric 

p)sessure  \  ^ 

2*    Low  temperature  and^high  atmospheric 

pressure  '  \ 

3*    High\  temperature  and  low  atmospheric 

pressure  \ 
4.    High  temperature  and  high  atmospheric 

pres^re 


In  items  8-27  through  8-30,  select  from  column 
B  the  carburetor  system  which  controls  each 
carburetor  action  listed  in  column  A. 


8-27, 


8-28. 


8-29. 


8-30. 


A.  Carburetor 
Actions 


Enriches  fuel-air  mix- 
ture for  high-speed 
operation 

Supplies  enriched . fuel- 
air  mixture  for  low- 
speed,  no-load  operation 

Momentarily  supplies 
enriched  fuel-air  mix- 
ture when  the  throttle  is 
initially  opened 

Maintains  constant  level 
of  fuel  In  the  carburetor 
bowl 


Carburetor 
Systems 


Acceleratii 
system 

Maximum 
power  cir- 
cuit 

Float  sys- 
tem 

Idling  cir 
cuit 


"In  items  8-23  through  8-25 »  select  from  column  B 
the  chemical  term  applicable  to  each  fundamental 
concerning  liquids  listed  in  column  A. 


A.  Fundamentals 

8^23.    Molecules  of  a  liquid 
move  from  the  liquid 
to  the  air 

8-2A.  'ih^  ease  with  which 

molecules  of  a  liquid 
move  from  the  liquid' 
to  the 

8-25.    A  liquid  is  broken 
into  very  tiny 
particles 


B. 


Terms 


.1.  Carburetion 

2.  Atomization 

3.  Evapo'^ation 

4.  Volatility 


8-26.    The  purpose  of  the  venturi  passage  in  a 
carburetor  is  to 

1.    lower  the  atmospheric  pressure  in  the 
flqat  bowl  to  force  the  gasoline 
 through-the  fuel  outlet,  nozzle  ^  

2..     spray  the  fuel  in  the  air  by  increas- 
ing the  speed  of  the  air  entering 
the  carburetor 

3.    reduce  the  rate  of  vaporization  by 
*  lowering  the  pressure  of  the  air 

entering  the  carburetor 

A.  cri&ate  a  partial  vacuum  to  permit 
atmospheric  pressure  to  force  the 
fuel  from  the  float  bowl 


8-32. 


8-33. 


.Learning  ObjectiveT Recognize  — 
functions  and /or  operating  charac- 
teristics of  carburetor  controls 
and  identify  circuits  that  vary 
fuel-air  ratios. 


8-31.    Which  of  the  following  Components  regu- 
lates the  volume  of  fuel-air  mlxtur^ 
which  can  pass  into  the  intake  mani^ld? 

1.  Throttle  valve  ^ 

2.  .Float  circuit 
*  3.  Venturi 

4.    Maximum  power  circuit 


Refejr  to  figure  7-30  in  answering  items 
8-32  through  8-35. 


The  idle  and  low-speed  circuit  is  iden- 
tified by  what  letter?  —  .. 

1.  A 

2.  C 

3.  E 

A.  G_  

Atmospheric  pressure  which  forces  fuel 
down  through  the  idle  circuit  is  admitted 
to  the  carburetor  at  which  point? 

1.  F 

2.  H 

3.1  ^ 

4.  J  ■ 


8-34.    At  what  place  In  the  carburetor  does  the 
gasoline  start  to  atomize?. 

1.  A       •  ,  -  ^ 

2.  B 
3W  C 

.4.  D 

8-35.    When  more 'fuel  is  needed  to *support  low- 
speed  operation,  the  position  of  the 
^         low-speed  port  will  be  such  that  it  is 
just  below  the  edgel^ 

1.  A    .      .  .  W 

2.  C 

3.  E  . 

4.  G  . 

8-36.    In  its  high-speed  circuit,  a  carburetor 

maintains  a  fairly  constant  ratio  of  fuel 
-  to  air,  knd  oy&rrichness  is  prevented  by 

1.  decreasing  the  volume  of. air  through 
the  venturi  *■ 

2.  maintainirtg^lTconstant  pressure  in 
the  venturi 

3.  letting  more  air^ enter  the  main 
nozzle 

4.  letting  less  fuel  enter-the.  main 
nozzle  . 


8-37. 


8-38. 


8-39. 


Which'  of  the  following  air- to- fuel  car- 
buretor ratios  by  weight  will  normally 
produce  the  most  power  in  the  high-speed 
circuit? 

1.  12:1 

2.  13:1  • 

3.  14:1  -  ' 

4.  ^  15:r 

To  ensure  delivery  of  the  J>rc>per  fuel-air 
mixture  for  all  op erdtinjg -'conditions; 
each  position  of  the  throttle  valve  must:; 
be  synchronized  with"^  the  position  of  the 

1.  power  £€t  sfettin^  ,  > 

2.  metering  rod  ,       •  -  ^ 

3.  vacuum  step-up  mechanism 

4.  4rentUri  opening  ' 

What  component  of  the  accelerating  pump 
circuit  meters  the  amount /of  fuel  used? 

1.  The  lever  on  the  throttle  shaft 

2.  The  discharge  check  valve 

3.  The  intake  check  valve  o 

4.  The  accelisrating  jet/  '  :  " 


8-40. 


At  steady  part-throttl^  poisitions,  what 
prevents  fuel  from  flpwing  baCk  into^the^; 
carburetor  from  the  accelerator  pump" 
cylind^        '  / 

1.  The  throttle  valVe  ,K 

2.  The  air-vent  ch^ck  valve''  ;  ' 
3*.    The  accelerating  jet 

4.    The  metering  yad- 


Learning  Objective:    Identify  fuac-. 
tions  and  operating  characteristics 
of  carburetor  choke  circuits,  empha- 
sizing the  automatic  choke  mechanism. 


8-41.    During  starting,  a  choke  alters  the  fuel- 
air  mixture.,  that  enters  the  manifold  of 
a  cold  gasoline  engine  by  admitting 

1.  less  air 

2.  more  air 

3.  less- fuel  and  more  air 

4.  more  fuel  and  less  air 

8-42 ,    In  the  automatic  choke  mechanism,  when^ 
the  engine  is  cold  the  choke  valve  is 
held  closed  as  a  result  of 

1.  high  intake  manifold  vacumn' 

2.  thermostatic  spr^js^  tension 

3.  hot  air  from  the  exhaust  manifold 

4.  air  passing  through  the  carburetor 
air  horn  , 

8-43.    An  automatic  choke  closes  fully  when  the 
temperature  of  the  thermostatic  spring 
decreases  to  approximately 
.1.'  60°  F     »  -   -  ■ 

^  .  2.  70°  F 
3.  80°  F 
l^..   90*"  F 


Learning  Objective:  -Recognize  causes 
and  effects  of  c^buretor  malfunc- 
tions and  the  role  of  An  air  cleaner 
in  preventive  maintenance. 


items  8-44  through  8-50,  select  from  column  B 
thecarbbretor  system  malfunction  most  likely 
to  cause  the  engine  troubles  listed  in  column  A. 


8-44. 


A.     Engine  troubles 

Excessive  fuel  con- 
sximption 


B.  Malfunctions 

1.  Fuel-air 
mixture  too 
rich 


8-45^    Poor  idling 

8-46.    Hard  starting  of 
'    warm  engine 


•'j8-'47.     Slow  engine  warmup  y 
\,:  "      .  ■  .  ■ 

;?^-48.    Smoky,  black  exhaust, 
emission 

8-49.     Stalling  during  warmup 

8-50.     Backfiring  engine 


Choke  def ec- * 
tive 

Fuel-air 
mixture  too 
lean 


4.  Throttle 
linkage 
adjustment 
improper 
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Learning  Objective:    Relative  to 
automotive  air  Intake  and  exhaust 
systems.  Indicate  component  func- 
tions and  structural  character*- 
Istlcs,  and  an  assoc^lated  safety 
"hazard 


8-36.    Any  defective  part  of  the  exhaust  systemV 
such  as  the  exhaust  pipe,  tall  pipe,  or 
,muf,fler»  must.be  replaced  Immediately  to 
prevent  harm  to  t\\e  equipment  operator 
;  by  ^he  poisonous  fumes  of.       ,  • 
•  .1.     carbon  monoxlde^only 

2.  carbon  dloxld/:  only. 

3.  carbon  tetrachloride  \^ 

A.    carbon  monoxide  and  carbon  dioxide 


the  Intake  manifold. 


the  outside  to 


8-51.^   What  function  doea 
perform? 

1.  It  admits  air;  from 
the  air  fitter 

2.  It  routes  air  from^the  filter  to  the 
carburetor 

'3.    It  routes  a  mixture  of  air  and  fuel 
from  the  carburetor  to  tKe  engine 
4.    It  conducts  air  from  the  jenglne  to 
the  muffler 

8-52.    The  Intake  manifold  Is  located  so  that 
It  can  be  as  short  and  as  straight  as 
•  possible  In  order  to 

1.     provide  for  center  feeding  from  the 
fuel  source 
.  2.    provide  for  advantageous  carbur3tor 
location 

3.  reduce  heat  absorption 
'  4..    reduce  condensation 


8-53. 


8-5A. 


8-55. 


To  withstand  the  latense  beat,  the  gasket 
between  the  exhaust  manifold  and  the 
cylinder  block  Is  made  of  meta!l  covered 
vlth 

1.  ',  asbestos 

2.  cork 

3 .  lea'ther 

^.    oil  Impregnated  paper 

What  Is  the  purpose  of  the  manifold  heat 
valve?  / 

1.  To  create  a  "hot  spot"  around  the 
exhaust  manifold 

2.  .To  run  the  windshield  wipers  In  case 
,  the  manifold  va'cuimi  Is  Insufficient 

3.  To  provide  for  heating  the  fuel-air 
mixture  until  the  engine  warms  up 

A.    To  provide  additional  heat  Inside 
the  vehicle  In  cold  weather 

In  addition  to  quieting  exhaust  noise  by 
allowing  the  exhaust  gases  to  expand 
before  leaving  the. exhaust  system,  the 
muffler  also  functions,  to 
1.    aid  In  heating  the  vehicle  during 

cold  weather  operation  ^ 
2^    put  pressure  on  the  exhaust  slde^pf 
.the  valves  to  Increase  engine  power 

output 

3.  "prevent  flame  and  sparks  from  leaving 
the  exhaust  system 
/A.    Increase  the  flow  of  exhaust  gases 
leaving  the  engine 


Learning  Objective:    Recognize  the  . 
Instrument  best  suited  for  evaluating . 
engine  perfprmance,  and  indicate' 
typical  causes  and  effects  of  engine 
mal  f unc  1 1  ons ,  inc lud  ing  *  iden 1 1  f  ic a*- 
t ion  and  maintenance  .procedures.  « 


8-57.  .  When  critical  adjustment'?  are  |Kade  o".  a 
engine  or  tests  are'  wide  to  determine 
malfunctions,  which  of  the  following 
should  be  utili^zed?  •  .  . 

1.  An  engine  analyser 

2.  A  dwell  meter 

3.  A  timing  light 
A.    A.  vpltmet^.r  , 

B-^S.'    A  malfunction  that  prevents  a  starting 
system  from  rotating  the  engine  fast 
enough  to  start  usually  can  NOT  be 
traced  to  .  " 

1.  a  weak  battery 

2.  a  poor  connection  between  the  battery 
and  starter 

3.  a  defective^ starter  motor 
<!» .    improper  timing 


— 1«_  f 

.^-59.    A  malfunction  in  which  of  the  ^following 
areas  requires  corrective  maintenance,^ 
L        by  an  ASE? 

T.  "  Fuel  •    >  -  -  , 

2.  Compression 

3.  Ignition  "  ^ 
A .  Timing 

8-60.  In  a  repeat  test  of  cylinder  compressipn, 
.  an  increase  in^  cylinder  pressure  after 

^  heavy  oil  has  been  inserted  in  the' 

cylinder  above  the  piston  is  a  good 
Indication  of  a  fau#ty 

1.  set  of  piston  rings 

2.  exhaust  valve 

3.  intake  valve 
A.    spark  plug 
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8-61.    Blue-gray  exhaust  smoke  from  an  operating 
engine  Indicates  that  the  engine  Is 

1.  receiving  a  too-rich  fuel-air  mixture 

2.  receiving  a  too-lean  fuel -air  mixture 

3.  burning  oil 

4.  .operating  normally  ^■ 

8t62.  "  An  Inspection  of  a  support,  equipment 
engine  conducted  after  210  hours  of 
running  time  Is  called  a/an 

1.  preventive  maintenance  Inspection 

2.  periodic  Inspection 

3.  operational  Inspection  ^ 

4.  preoperational  Inspection 


8^66.    One  advantage  of  the  dlesel  engine  over 
the  gasoline  engine  Is  the  dlesel 
engine's      .  ' 
1;    suitability  for  vehicle's  which  trans 
port  small  loads 

2.  low  production  costs 

3.  smoothness  of  operation 

,4.    high  ratio  of  power  output  to  fuel 
consumption 


Learning  Objective:    Relative  to 
design  and  operation,  identify .types 
of  dlesel  combustion  chambers. 


Learning  Objective:    Recognize  the 
differences  In  the  construction 
features  and  operating  principles 
of  gasoline  engines  and  dlesel 
engines y  and  the  advantages  and 
disadvantages  of  the  dlesel  engine. 


8-63.    What  makes  It  possible  to  Ignite  the 

fuel-air  mixture  of  a  dlesel  engine  with- 
out the  use  of  a  spark  as  In  a  gasoline 
engine?  ^ 

1.  The  Ignition  temperature  of  dlesel 
fuel  Is  low 

2.  JThe  compression  ratio  of  the  dlesel 
'  engine  1^  low 

3.  The  compression  temperature  of  the 
dlesel  engine  Is  high 

4.  The  speed  of  the  dlesel  engine's 
moving  parts  Is  high  ^ 

0-64.  The  major  differences  In  the  operation 
of  gasoline  engines  and  dlesel  engines 
are  In  their 

1.  valve  and  piston  systems 

2.  fuel  Intake  systems  and  Ignition 
methods' 

3.  air  Intake  systems  and  fuel  mixture 
methods 

4.  cooling  and  exhaust  systems 

8-65.    Which  components  that  are  necessary  for 
operation  of  a  gasoline  engine  are  NOT 
used  on  a  dlesel  engine? 

1.  Spark  plugs  and  carburetor 

2.  Carburetor  and  Intake  valve 

3. ,  Spark  plugs  and  Intake  manifold 
4.     Intake  valve  and  Intake  manifold 


8-67. 


8-68. 


8-69. 


8-70. 


The  advantages  of  a  dlesel  engine  as  c 
compared  to  a  gasoline  engine'  Include 

1.  slower  acceleration  and  deceleration 
and  rougher  Idling  at  low  rpm 

2.  harder  starting  and  rougher  operation 

at  Idld  and  with  light.  J.oads  „  ..  

3.  heavier  construction  and  higher  cost. 
.  to  manufacture 

4.  lower  fuel  cdrisumptlon  f or  :same 
power  output 

As  compared  with  the  ot^er  types  of  com- 
bustlbn  chamber  design,  what' 56es  the 
open-type -require  with  respect  to  injec- 
tion pressure  and  ^fcDmi^a.tlQn?  ) 

1.  Higher  fuel  in])ectiqn  Aiiressure  but 
lower  degree -'d'f  atomization 

2.  '   Higher  fuel,  injection  pressure  and 

greater  degree  of  atomization 

3.  Lower  fuel  injection  pressure  but 
higher  degree  of  atomization 

4.  Lower  fuel  injection  pressure  and 
lower  degree  of  atomization 

What  is  one  difference  between  the  tur- 
bulence and  precombustlon  types  of 
chambers?  ' 

1.  Mo^e  air  enters  the  turbulence  type 

2.  Faster  moving  air  enters  the  pre- 
:^        combustion  type 

3.  /Turbulence  is  governed  by  the  design 


/of  the  piston  and  cylinder  head  in 
:  the  precombustlon  type 
Combustion  takes  place  completely  in 
the  cylinder  in  the  turbulence  type 


In  the  Lanova  combustion  chamber,  com- 
^bustlon  takes  place  first  in  the 
'  1.     turbulence  chamber 

2.  main  chamber 

3.  precombustlon  chamber 
„_ energy _ce  11 
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8-71. 


Learning  Objective:    Compare  com- 
ponents of  gasoline  engine  -and 
dlesel  engine^  fuel  systems »  and 
recognize  operating  principles 
and  component  functions  of 
dlesel  fuel  supply  pumps. 


How  do  the  gears  of  the  gear-type  fuel 
supply  pump • deliver  fuel  oil  from  the 
suctl^  side  of  the  pump  to  the  discharge 
s  id  e  ?"'  ' 

1.  By  moving  the  fuel  oil  by' suction 
V  action 

2.  By  moving  the  fuel  oil  trapped 
between  the  tooth  pockets  of  the  pump' 
gears  and  the  casing 

3.  By  trapping  the  fuel  oil  in  the  pump 
body 

A.    By  trapping  the  fuel  oil  in  the 
 driving,  gear  


8-73.    What  is  one  kind  of  trouble  that  can  be 
expected  if  the  timing  of  a  fuel  injec- 
tion system  is  NOT  properly  adjusted 
and  the  fuel  is  Injected  too  late 
in  the  cycle?        ,  . 

1.  Delayed  ignition 

2.  Low'  exhaust  gas  temperature 
j    3.    Smoky  exhausjc 

4.    Excessive  wear  ' 

8-74.    What  will  be  the  result  if  the  rate  of 

fuel  injection  is  too, high? 
."hr         li    High  exhaust  gas  temperature 

2*    Poor  fuel  economy  - 

3;    Delayed  ignition 

4i    Excessive  engine  speed 

8-75.    Where  does  the  atomlzation  of  fuel  ^ 
occur? 

1.  Within  the  turbulence  chamber 

2.  Within  the  precombustioa:  chamber' 

3.  Between  the  fuel  pump  and  the  injec- 
_  tlon_ system   ..   '  ^     ;  v  ..... 

4.  Within  the  injection  system 


Learning  Objective:  Recognize 
functions  of  the  dlesel  fuel  injec- 
tion system  and  how  an  improperly 
functioning,  system  aifects  engine 
operation. 


\  8-72.  Which  of.  the  following  functions  of  the 

\  fuel  injection  system  ensures  that  the 

\  engine  will  operate  at  a  uniform  speed 
with  a  uniform  power  output? 

y  1.  Metering 

\  2.  Timing 

\  3.    Atomlzation  of  fuel 

\  4.    Injection  rate  control 
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Assignment  9 


Diesel  Engines  and  Chassis  Systems 
Text:    Pages  254  -  279 


Learning  Objective:    Relative  to 
dlesel  fuel  Injectors,  Indicate 
construction  features  and  testing 
^^and  ina4.ntenance  practices. 


9-4.    What  fluid  Is  commonly  used  to  cledn  Injec- 
tors? ' 

1.  Water 

2.  Gasoline 

3.  Wood  alcohol 

4.  Diesel  fuel 


.9-1..    What       the  primary -difference  between  the 
-distribution-pressurized  and  unit  Injection 
types  of  fiiel  Injectors? 
•    1.    The  distribution-pressurized  type  deli- 
vers enough  press^ire  to  overcome  cylin- 
der pressure,  whereas  the  unit  Injec- 
tion type  does  not 

2.  The  unit  Injector  type  contains  the 
injection  nozzle  and  pressurize t Ion 
pump  In  one  unit 

3.  The  unit  Injection  type  requires  a 
sprlng-lnaded  bypass  valve  on  the 
header  to  assist  In  maintaining 

/  constant  fuel  pressure 

4.  The  distribution-pressurized  type  con- 
tains the  Injection  nozzle  and  pressur- 
Izatlon  pump  In  one  unit 

9-2.    In  testing  the  Injectors  of  ah  Gnglhe  that 

falls  to  operate  properly,  you  cut  out  one 

cylinder  at  a  tlm^  a^id  observe  engine  oper^  ^ 

atlon.    Which  of  the  following  conditions 

Indicates  a  defective^ Injector  for  the  cut- 
out cylinder? 

1.  The  defect  Is  more  pronounced 

2.  ^  The  Irregular  operation  of  the  engine 

remains  unchanged 

3.  The  Irregular  operation  of  the  engine 
Is  eliminated  .  . 

4.  The  engine  speed  Increases  x, v  \ 

9-3.  If  you  do  not  have  special  servicing  equip- 
ment available,  it  is  advisable  to  do  which 
of  the  following  to  a  defective  Injector? 

1.  Replace  it 

2.  Repair  it 

3.  Clean  it 

4.  Blow  it  out  with  air 


Learning  Objective:    Indicate  the 
locations,  operating  principles, 
uses,  and  construction  features 
of  dlesel  fuel  filters. 


9-5.    On  an  engine  with  two  fuel  filters,  the 
secondary  filter  is  usually  located 
between  iVe 

1.  ,  tan.*  :Vnd  the  supply  pump 

2.  primary  filter  and  the  supply  pump 

3.  supply 'pump  and  the  Injector  pump  or 
injector 

4.  primary  filter  and  the  tank 


9-6. 


9-7. 


Refer  to  figure  8-9  in'your  textbook.  How 
does  the  metal-disc  filter  function  to 
remove  water  from  fuel  oil? 

1.  The  discs  absorb  the  water  particles 

2.  Dirt  trapped  between  the  discs  absorbs 
the  water  \  •  • 

3.  The  discs  vaporize N^the  water  globules 

4.  The  discs  are  stacked  so  closely 
together  that  the  water  globules  cannot 
pass  between  them 


The  element  of  the  main  fuel  filter  on  an 
engine  Is  usually  made  from 

1.  fine  wire  mesh 

2.  llntless,  acid-resistant  fabric 

3.  metal  wool 

4.  specially  treated  paper 


Learning  Objective:    Indicate  con- 
struction features,  operating  prin- 
ciples, and  functions  of  the  air 
intake  system  and  Its  cleaners. 
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9-8.    Although  the  four  strokes  of  a  diesel 
engine  occur  In  the  same  order  and  for 
the  same  purpose  as  the  four  strokes  of 
a  gasoline  engine,  operation  of  which 

\^T^>--  sjtroke  Is  slightly  different? 

\  J  -  irXl    Intake  -  ^- 

?2;  Compression 
3.  Ignition 
4.  Exhaust 

9-9.    Air  can  be  forced  Into  the  cylinders  of  a 

four-stroke  engine  during  the  Intake  stroke 
by 

1.  atmospheric  pressure  only 

2.  a  turbocharger  only 

3.  a  supercharger  only 

A.    atmospheric  pressure,  a  turbocharger, 
*  or  a  supercharger 

9-10.  The  turbocharger  used  on  all  two-cycle  and 
many  four-cycle. engines  is  usually  the  type 
_    '  that_l8  .  powerjBd^  by_,^  .   -  -  —   

1.  the  camshaft 

2.  the  crankshaft  . 

3.  the  engine  exhaust 

4.  an  electric  motor 

9-11.  Improved  combustion  results  if  the  air 

entering  the  cylinders  of  an  engine  during 
the  compressipn. stroke  can  be  given  a 
t^rbulent^tlon.    What  design  feature  . 
gi>?^G^s  the  ^Ir  this  turbulence? 

1.  Vana&<^'lin  *the  cylinder  Intake  ports 

2.  Ang'2^ed'6l9wer  output  ports 

3.  AngljecUcyiinder  Intake  ports 

4.  TurhtuXAtdra-^outside  the  cylinder  Intake 
ports 


9-14.^  To  start  a  diesel  engine,  enough  heat  and 
pressure  must  be  generated  to  cause  the 
fuel-air  mixture  in  the  cyllxlders  to 
ignite.    Whether  enough  heat  and  pressure 
will  be  generated  depends  upon  the 

1.  temperature  of  the  fuel  prior  to 
injiection 

2.  temperature  of  the  air  at  the  time 
of  mixing 

3 .  cranking  speed  of  the  engine 

4.  fuel-air  ratio 

9-15.    Which  of  the  following  statements  is  cor- 
rect in  comparing  diesel  engine  electric 
starters  and  gasoline  engine  electric 
starters? 

^  1.    The  systems  are  basically  the  same, 

but  the  diesel  starter  rotates  the 
engine  faster 

2.    The  systems  are  basically  the  same, 
but  the  diesel  starter  rotates  the 
   ^nglne  slower—  —  — 

3;    The  systems  are  basically  the  same, 

^,t'"  and  both  engines  are  rotated  at  the^ 
same  speed 

4.    The  diesel  engine  may  be  rotated 

either  faster  or  slower  depending  on 
whether  a  6-volt  or  12-volt  electri- 
cal system  is  installed  on  the  vehicle 

.9-16.    The  accumulator  for  a  hydraulic  starting 
motor  can  store  fluid  under  sufficient 
pressure  to  restart  the  engine  at  least 

1.  one  full  day 

2.  one  week 

3.  overnight  •  ; 

4.  two  full  days. 

I 

9-17 .    .The  smaller  orifice  on  the  starting  valve 
of  a  hydraulic  starter  is  opened  for  the 
purpose  of 

1.  testing  the  pressure  of  the  fluid 

2.  engaging  the  starter  pinion  with  the 
flywheel 

\        3.    cranking  the  engine 

4.    demeshlng  the  starter  pinion  from  the 
\  .  flywheel 

9-18.  \  In  the  primer-type  starting  aid,  the 
volatile  fluid  is ^ released  into  the 
j^ntake  system  at  the 

1.  cylinder  chamber 

2.  \  Intake  manifold 

3.  \  Injector  nozzle 

4.  Injector  pump 

1  / 


9-12.  The  dry- type  air  cleaner  used  on  engines 

serves  the  two  purposes  -  removing  dust  and 
dirt  particles  and 

1.  cooling  the  air 

2.  heating  the  air 

3.  improving  combustion^ 

4.  silencing  the  air  Intake 

9-13.  What  material  is  used  as  the  cleaning  ele- 
ment of  an  oil-bath  or  wet-type  air  cleaner? 

1.  Metal  wool 

2.  Cotton  fabric 

3.  Wire  screens 

4.  Paper  filter 


Learning  Objective:  .  Identify  diesel 
engine  starting  system  characteris- 
tics 


starting  procedures. 

 «   Learning  Objective:    Recognize  common 

;  '  diesel  engine  malfunctions  and  their 

causes,  and  indicate  publications 
used  when  making  preoperational  and 
periodic  Inspections  on  diesel 
-  ■  engines . 
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.9*19«    Hard  starting,  uneven  running,  and  lack  of 
power  may  be  caused  by 

1.  faulty -Inject Ion  only 

2.  low  cylinder  compression  only 

3.  lack  of  sufficient  air  only 

4.  faulty  Injection,  low  cylinder  com- 
pressloil^,  and  lack  of  sufficient  air 

9-20.    tow  cylinder  pressure  of  an  engine  can  NOT 
be  the  result  of 

1.  broken  piston  rings 

2.  compression  leaking  past  the  valve  . 
seats 

3.  compression  leaking  past  the  Injectors 

4.  oil  leaking  past  the  plst^on  rings 

9-21.    Th,e  time  for  and  type  of  Inspections  to.be 
conducted  and  the  proper  Inspection  pro- 
cedures to  follow  In  maintaining  dlesel 
engines  can  be  found  In  the 
1.    Halritenaiye  Requirement  Cards  (MRCs)  ' 


"for  the  engltie  only 
.2.    stampings  on  the  engine 

3.  manufacturer's  Instructions  only 

4.  MRCs  and  the  manufacturer's  Instruc- 
tions for  the  engine' 


Leam;Lng  Objective:    Relative  to 
automotive  steering  systems.  Iden- 
tify components  and  their  func- 
tional relationships  and  recognize 
Installation  differences  and 
requirements  associated  with  power 


steering. 


9-22.    Refer  to  figure  9-2.    Easy  steering  and 

maximum  leverage  In  a  stierlng  system  are 
achieved  by  the. tie-rod  being 

1.  a  one-piece  tie-rod  located  In  front* 
of  the  axle  and  connected  to  the 

-steering  gear  near  the  center  of  the 
vehicle  - 

2.  separated  Into  two  approximately  equal 
lengths  and  connected  to  the  steering 
gear  at  the  separation  point 

3.  a  one-piece  tie-rod  located  in  back  of 
the  axle  and  connected  to  the  steering 
gear  through  a  wishbone-shaped  knuckle 

'  arm 

4.  a  two-piece  tie-rod  connected  to  the 
steering  gear  through  a  wishbone- 
shaped  knuckle  arm 


9-23.    Refer  to  figures. 9-1  and  9-3  In  your.textr 
V.         book.    The  length  of  the  drag  link  con-  * 
necting  the  pitman  arm  and  the  steering 
arm  is  determined  by  the  distance  between 
the  .  .     '  , 

1.  'steering  arm<^and  thfe  vertical  position 
of  the  pitman  arm 

2.  isteering  arm  and  the  steering  ge&r 

3.  vertical  posil:ion  of  the  pitman  arm 
and  the  tie-rod 

.   4.    horizontal  position  of  the  pitman 
arm  and  the  steering  arm 

9-24;    The  ratio  between  the  number  of  turns  of 
the  steering  wh'sel  to  the  degree  of  move- 
ment of  the  pitman  arm  is  a  function  of  the 

1.  worm  gear  only 

2.  sector  gear  only 

3.  worm  gear  and  sector  gear 

4.  cau 

9-25.    Low  steering  gear  ratios  a^e  used  in 

vehicles  possessing  which  characteristic? 
1^    Hard  to  turn 

2.  Slow  moving 

3.  Fast  moving 
'4.    Easy  to  turn 

9-2S.  What  is  the  basic  difference  between  the 
steering  components  of  equipment  steered 
by  the  front  wheels? 

1.  longer  drag  link  is  required 

2.  The  tie-rods  are  longer 

3.  The  distance  from  the  gear  box  and 
pitman  arm  to  the  steering  knuckle 
is  less  , 

4.  A  shorter  drag  link  is  required 

9-27.  Which  of  the  following  describes  a  differ- 
ence between  the  two  kinds  of  power  steer- 
ing systems? 

1.  One  utilizes  a  single  action  power 
cylinder,  whereas  the,  other  utilizes 
a  double  action  power  cylinder 

2.  The  manner  in  which  the  power  cylinder 
and  control  valve  are  installed 

3.  One  employs  a  high-pressure  system, 
whereas ^the  other  employs  a  low- 

' pressure  system 

4.  The  manner  in  which  the  power  steering 
pump  is  connected  to  the  engine  ^ 


Learning  Objective:    Identify  tech- 
niques involved  in  front  end  align- 
ment, including  definiition  a\id 
application  of  associated  terms  such 
as  pivot  inclination,  caster,  camber, 
toe-in,  and  ^oe-out. 
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9-28. 


9-29. 


9-30. 


9-31. 


9-32. 


9-33.' 


9-34. 


Kingpin  angle  Is  a  term  ret erring  to  the 
number  of  degress  that  the  kingpin  Is 
tilted  from  a  vertical  position  toward  the 
. 1.    rear  part  of  the  .vehicle 
.2.    center  of  the  vehicle 

3.  fore  part  of  the  vehicle 

4.  near  side  of  the  vehicle  , 

Steering  knuckle  tilt,  forward  or  rearward, 
Is  called 
.1.*  camber 

2.  .caster 

3.  pivot  Inclination 

4.  toe-in  or  toe-out 

Caster  Is  a  property  of. front  end  align- 
ment that  tends  to  which  of  the  following? 
1.  '  It  malntaj.ns  the  wheels  perpendicular 

to  the  road,  permitting  better  rolling 

contact 

.2.     It  brings  the  front  wheels  back  to  a 
straight  forward  position  after  a  turn 

3.  It  returns  the  front  wheels  to  a  ver- 
tical position  after  a  turn 

4.  It  keeps  the  wheel  spindles  pointed 
outward  and  In  line  with  the' axle 


9-35. 


'9-36. 


achieved  when  the 
tilted  In  which  dlrec- 


Positive  caster  Is 
knuckle  pivots  are 
tlon? 

1 .  Backward 

2 .  Foreward 

3.  To  the  right 

4.  To  the  left 


The  tilt  of  the  wheels,  either  In  or  out 
at  th^^  topy  Is  called 

1.  pivot  Inclination 

2.  toe-in  or  toe-out 

3.  camber 

4.  caster 

Camber  Is  obtained  by 

1.  Inserting  wedges  and  shims  between  the 
front  axle  and  the  spring 

2.  tilting  the  wheel  spindles  slightly 
downward  on  the  steering  knuckles 

3.  Inserting  shims  between  the  upper 
suspension  arm  and  the  frame  ' 

4.  tilting  the  wheel  spindle^,  slightly 
up  on  the  steering  knuckles 

To  balance  the  effects  of  camber,  the 
wheels  should  be 

1.  balanced 

2.  caster ed  ^ 
.3 .     toed- out 

4.     toed- In 


9-37. 


 f  '  •  

Learning  Objective:    Identify  causes 
and  effects  of  steering  problems, 
and  select  methods  and  devices  used 
In  locating  and  correcting  them.  . 


To  check  for  improperly  adjusted  or  worn 
linkage  connections  In  the  steering  sys- 
tem, 'you  shonld  jack  up  the  front  end  of 
the  vehicle  and 

1.  push  out.  on  both  front  wheels  at  the 
same  time  to  check  for  excessive  move- 
ment 

2j  pulL  In- on  one  front  wheel  at  a  time 

to  check  for  excessive  movement 

3.  grasp  tlie  front  and  rear  of  each 
wheel  and  move  the  vheel  In  and  out 

4.  grasp  the  top  and  bottom  of  each 
wheel  and  shake  to  determine  the 
amount  of  wobble 

When  floating  turntables  are  used  to 
check  steering  errors,  the  steering 
mechanism  Is- properly  adjusted  If,  when 
one  wheel  Is  turnied  20  degrees,  the  6ther 
wheel  tarns  about  , 
}.     23  degrees 

2.  22  degrees  ^ 


9-38. 


9-39. 


3. 
4. 


21  degrees 
20  degrees 


What  piece  of  equipment  Is  used  for 
measuring  wheel  alignment,  ^nly  when  a 
more  acciirate  device  Is  NOT  available? 
1.    Wee-gee  board 
2. .Floating  turntable 

3.  Alignment  compass 

4.  Straight  edge 

When  a  measuring  pole  Is  used  for.  checking 
toe-in,  you  must  properly  mark  the  tires 
and  place  the  measuring  pole  between  the 
two  marks  at  the  front  in  order  to  set 
■  the  pointer  at  zero.    The  distance  between 
the  two  rear  marks  should  be 

1.  the  same  as  that  between  the  front 
marks 

2.  as  specified  by  the  manufacturer 

3.  greater  than  that  between  the  front 
marks 

4.  less  than  that  between  the  front  marks 

Before  you  begin  to *adjust  tie-rods,  what 
should  you  do? 

1.  Count  th^  number  of  exposed  threads  at 
the  ends  of  the  tie-rods 

2.  Even-up  the  number  of  exposed  threads 
at  the  ends  of  the  tie-rodfe 

3.  Tighten  the  tie-rods  ^ 

4.  Loosen  the  tie-rods 


526 

55 


ERIC 


9*40i    In  adjusting  a  tie-rod  that  is  in  front  of 
the  axle,  it  ia  important  to  keep  in  mind 
that  a 

1.  longer  tie-rod  Increases  toe-in 

2.  longer  tie-rod  decreases  toe- in 

3.  shorter  tierrod  decreases  toe-in 

4.  '  shorter  tie-rodT" increases  toe-put 

9-41.    During  repair  of  the  steering  system  or 
.  ..adjustment  of  the  ^eel  alignment  of .  a 
vehicle,  it  is  KOT  Important  to'  ensure 
■       that       V.  . 

1.    the  vehicle  is  on  a  level,  surface 
.2.    the  vehicle  reniains  stationary 
3^    at  least  one  wheel  is  blocked  ^on  both 
sides 

{4.    the  tires  are  balanced 


In4tems  9rAA  through  9-46,  select  from  caltmn  B 
the  component  which  performs'  each  function  listed 
in  column. A. 


A.  Functions 

9-44.    Prevents  the  axle  from 
moving  forward  or  back^ 
ward  .  . 

9-45.    Prevents  metal«-to-metal 
contact  when  the  spring 
^  is  compressed 

9-46.    Balances  spring  stiff- 
ness and  flexibility 


B.  Components 

1.'  Rubbej 
bumper 


Torque,  rod 


Coil   

spring 

Shock 
absorber. 


Learning  Objective:    Identify  suspen- 
sion system  characteristics,  ^compo- 
nents, and  associated  maintenance 
practices,  including  the  functions  of 
springs  and  shock  absorbers. 


9-42.    Support, equipments  have  suspension  systems 
differing  from  those  of  most  highway- 
driven  vehicles  because 

1.  coifffort  of  the  support  equipment  opera- 
tor is  not  as  Important 

2.  other  types  of  suspension  &ystems 

-   might  interfere  with  support  equipment 
operation  . 

3.  support  equipments  operate  at  lower 
speeds  over  shorter  distances 

4.  support  equipments  need  a  more ~s table 
type  of  suspension  system 

9*43.    Pitching  of  a  vehicle  equipped  .with  coil 
springs  can  be  corrected  by 
1.    reducing  the  friction  in  the  springs 
2..    using  rubber  bumpers  to  help  absorb 
shock - 

3.  using  shock  absorbers  to  dampen  the 
^           action  of  the  springs 

4.  removing  the  spacers  between  the 
spring  coils 


9-47.    Which  of  the  following  functions  are  per- 
formed by  double-acting  shock  absorbers? 

1.  Checking  spring  compressions  and  spring 
rebound  '    T  * 

2«  Preventing  metal-to-metal  contact  when 
the  springs  are  compressed,  and  check- 
ing spT;lxig  rebound  '  --r 

3«    Preventing  metal-to-metal  contact  when 
the  springs  are  compressed',  and  absorb-* 
-  ing  torsion  load  from  the  springs 

4.    Increasing  spring  flexibility  and 
rebound 

9-48.    Why  are  rubber  mountings' used  in  fastening, 
shock  absorbers  to  the  frame  and  axle  of  a 
vehicle? 

1>  .  To  prevent  overcompression  of  the 
springs  • 

2.  To  prevent  noise  and  wear  of.  parts 

3.  To  provide  a  controlled  rebound  of. 
'the  springs 

4.  To  provide  a  controlled  flexing  of 
the.  springs 


Learning  Objective:    Relative  tV 
vehicle  frames,  identify  alignment 
procedures,  methods  of  installing 
and  reinforcing  frame  menbers,  and 
frame  members  which  are  n9rmally 
replaced  rather  than  repaired.  . 


9-49.    Which  of  the  following  are  installed  on  a 
vehicle  frame  to  provide  additional 
strength  at  the  points  where  frame  members 
are  joined  together? 

1.  Frame  plates   ^ 

2 .  Croasmembers      ^  .  « 

3.  GusSet  plates 

4.  Side  members 
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9-50. 


When  frame  gages  are  used  to\ check  a  vehi- 
cle *^s  forward  frame  alignmentv  how  many 
used,  and  how  must  they  be 


gages  must  be 
sighted? 


\ 


sighted. from  theVrear  to 
of  the  vehicle       \  ^ 
gage^>  sighted  from  they fz^pnt 
the  rear  of  the  vehicle      \    ^'-^ » 


Twa  ^ages» 
tlje.  .f  rxmt 
three 
to 


A. 


Three  gages,  sighted  from  side^to'Wde 
of  the  vehicle  \  ./ 

Four  gages,  sighted  from  the  froWt  to 
the  rear  and  the  rear  to  the  fron^  of 
the  vehicle 


1^0 


9-51. 


9-52. 


What  is  th<^^  preferred  method  of  installing 
nev  members  In  a  vehicle  frame  when  \ 
replacement  is  required?  .  ^ 

1.    Nuts  and  bolts 
2*    Oxyacetylene  welding 

3.  Hot-rivet 

4.  Arc  welding  >^ 

Which  of  the  following  vehicle  frame  mem- 
bers, if  damaged,  is  usually  replaced 
rather  than  repaired? 

1.  Side  rail  member 

2.  Front  suspension  crossmember 

3.  Center  connecting  crossmember 

4.  Rear  suspension  crossmember 


Learning\,ObJ active:    Relative  to 
o3gftcetylene  welding  and  cutting 
operations,  recognize^ torch  func- 
•Xic^s  and  characteristics,  weld- 
ing techniques  and  procedures, 
acetylene  cylinder  identification, 
torch  tip  and  welding  rod  selec- 
tion, aiid  safety,  pifactices. 


9-53.    The  function  of  a  gac  welding  torch  is  to 
i.    grip  the  rod  and-dlrect  it  against  the 
metal  as  the  gas  mixture  is  applied  to 
the  metal  from  the  hose 
protect  the  welder's,  hand  from  the 
Intense  heat  generated  by  the  puddled 
metal 

provide  a  clamping  device  for  the  gas 
tubes  and  the  rods  so  that  they  can  be 
held  as  close  together  as  possible 
when  they  Join  the  'flame  at  the  point 
of  contact  with  the  metal 
mix  the  gases  in  proper  proportions 
and  to  direct  the  flame  against  the 
metal 


2. 


3. 


4. 


A 


9-54.    To  distinguish  it  from  technical  oxygen,  a 
cylinder  of  aviator's  breathing  oxygen  is 
identified  by  its 'green  color  and 

1.  a  white  band. around  the  top 

2.  white  triangles  on  the  side 

3.  a  yellow  band  around  the  top  and  bottom 
^    4*    black  letters  on  the  side 


9-55.    If  oxygen  equipment  should  ^;equir£"lWbrl\ 
cation,  which  of-the^Jolj<]i^ng  ^hould 
ALWAYS,  be  used?   C   i^v: 

1.  Oil,  becaixse  it  flows  easily  and  ^can  ^/ 
be  directed  into  close  areas 

2.  Grease,  because  it  is  thick  and  > 
reduces  spillage 

3.  Graphite,  because  it  Is  in  powdered 
form  and  is  easily  handled 

4.  Beeswax,  because  it  is  nonflammable 

9-56.    When  equal  parts  of  oxygen  and  acetylene  • 
are  mixed «  the'  mixture  will  burn  at  an 
approximate  temperature  of 

1.  4,000^  F 

2.  4,500*  F 

3.  6,000^  F        .  '  > 
A.    10,000*  F  . 

^9-57.    Acetylene  gas  cylinders  are  identified  by 
the  color  yellow  and 
\         1.    black  ntmibers  on  each  side  running 
^\  lengthwise* 
\       2.    black  letters  on  each  side  running 
lengthwise 

3 .    a  black  stripe  running  -the  length  of 

the  bottXe  on  each  side 
\4.    two  circular  black  stripes  at  the 
base  of  the  bottle 

9-58.    Acetylene- gas  should  be  used  only  through 
regulators  that  reduce  its  pressure  to 
less  than 

1.  15  psi 

2.  20  psi 

3.  25  psi 

4.  30  psi  , 

\ 

9-59.    You  can  NOT  install  an  oxygen  hose  on  an 
acetylene  regulator  because  the  acetylene 
fitting 

1.  Is  larger 

2.  is  smaller 

3.  has  left-h^nd  threads 

4.  has  right-hand^ threads 

9-60.    The  lowr-pressure  gage  on  the  oxygfln  pres- 
sure regulator  of  the  portable  w^ldlug. 
outfit  Indicates  the 

1.  working  pressure  of  tha  ;):«cygea 

2.  nnount  of  oxy^exi  in  th^  cyliiii^ic 
3«    cylinder  pressure  ox  the  oxygen 

4.    amount  of  oxygeiv  >clng  yXth  , 

acetylene 

9-61.    Which  of  the  following  factors  will  NOT 
determine  the  selection  of  the  welding 
torch  tip  to  be  used  for  a  specific  Job? 

1.  The  expetience  of  the  welder 

2.  The  position  in  which  the  weld  is  to 
'  be  made  ' 

3.  The  material  to  be  welded 

4.  The  length  of  the  Job 
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The  selection  of  the  diameter  of  a  welding  '  9-1 
rod  to  be  used  for  a  particular  veld  Is 
based  upon  the 

1.  thickness  of,  the  metal  to  be  welded 

2.  kind  of  metal  to  bjs  welded 

3.  '  size  of  the  torch  tip  .to  be  used 
A.  '  heajt  range  of  the  metal  to  be  welded 

A  neutral 'flame  Is  best  sulied  for  most 
welding  because  It  '  ,^ 

1.  Is  easier  ta  control 

2.  ^  does  not  alter  thee  composition  of  the 
^    metal  being  welded 

3.  allows  the  weld  to  be  made  with  the 
proper  tensile  strength  and  ductility 

4>,    alters  the  comi^o^ltlon  of  the  mel^al 
^      being  welded  -   

Which  of  the  following  describes  the  cor- 
rect procedure;  to  be  used  In  lighting  and 
adjusting  an  oxyacetylene  torch? 

1.  Open  the  torch  oxygen  valve  1/4  to  1/2 
turn;  light  the  torch;  adjust  the  9-66 

'  flame  by  slowly  opening  the  acetylene 
valve;  slowly  close  the  oxygen*  valve 
until  the  neutral  flame  Is  formed 

2.  Open  both  the  torch  oxygen  and  acety- 
lene valves  1/2  turn;. light  the  torch; 
adjust  to  neutral  fl^e  by  slowly 
closing  the  oxygen  valve 

3.  Open  the  torch  acetylene  valve  1/4  to 
1/2  turn;  light  the  torch;  adjust  the 
flame  by  slowly  opening  the  oxygen 

valve;  slowly  close  the  acetylene   

valve  \untU.- the  neutral  flame  Is 
formed 

4.  '    Open  both  the  torch  oxygen  and  acety- 

lene valves  l/4  to  1/2 -turn;  light  the 
torch;  adjust;  to  neutral  flame  by 
slowly  closing  both  valves 


.    Which  of  the  following  is  the  prescribed 
manner  in  which  to  hold* an  oxyacetylene 
torch  in  order  to  make  a  proper  veld? 

1.  The  white  cone  of  flame  should' be  held 
vertically  in  line  with  the  weld  joint 
and  approximately  1/2  inch  from  the 
surface  of 'the  weld 

2.  Xhe  white  cone  of  flame  should  be  held 
approximately  1/8  inch  from  the  surface 
of  the  weld  at  an  angle  of  30  to  60 
degrees  from  the  perpendicular 

3.  The  white  cone  of  flame  should  be  held 
approximately  3/4  inch  from  the  surface 
of  the  weld  at  an  angle  of  30  to  60 
degrees  from  the  perpendicular 

4.  The  tip;of  the  tprch.ehould.  be  held 
vertically  in  linefwith  the  weld  joint 
and  the  distance  of  the  wlilte  cone  of 
flame  from  the  surface  of  the  weld  is 
determined  by  the  thlcknress  of  the 
metal  to  be  welded  ' 

An  oxyacetylene  cutr.lng  torch  tip  differs 
from  a  convo.ntional  welding  torch  tip  In 
that  I 

1.  It  permits  the  passage  of  a  larger 
volume  of  oxygen  and  acetylene  gas, 
thus  cseating  more  heat 

2.  the  heating  flame  is  fed  from  a 
central  outlet  surrounded  by  several 

;    high-pressure  oxygen  outlets 

3.  the  heating  flame  is  fed  from  several 
holes  in  the  tip  arranged  in  a  ring 
around  a  central  high-pressure  oxygen 
outlet 

4.  the  heating  flame  is  fed  from  one 
large  hole  in  the  tip  for  an  increase 
in  outlet  of  oxygen 


Assignment  10 


Power  Trains 


Text:    Pages  ,281  -  307 


10-1. 


10-2. 


10-3. 


10-5. 


Learning  Objective:    Relative  to 
power  train  clutches »  recognize 
their  purposes,  types,  construc- 
tion features  and  method  of 
power  transmlss^lon  Including 
functions  and  adjustments  '^f 
related  components. 


Which  statement  describes  one  of  the  main 
functions  of  the  clu^^  In  the  power 
train  of  a  motor  vehicle? 

1.  It  dampens  vibration  In  the  transmis- 
sion system  - 

2.  It  allows  the  brakes  to  "clutch"  or 
hold  while  the  vehicle  Is  In  motion 

3.  It  transmits  braking  power  from  the 
wheels  to  the  engine 

4.  It  allows  the  engine  to  take  up  the 
vehicle-drive  load  gra^lually 

In  most  motor  vehicles,  the  clutch  Is 
located  between  the 

1.  transmission  assembly  and  differential 
^carrier 

2.  engine  and  transmission  assembly 

3.  differential  carrier  and  axle  housing 

4.  rele&se  yoke  and  *^>yvheel  housing 

the  plate  clutch  of  a       .ar  vehicle 
transmits  power  from  ta^  driving  member 
to  t;ie  driven  member  by  employing 
3.    friction  between  the  driving  member 
and  the  driven  men-ber 

2.  spring  torsion  or  the  v-a^^^a 

3.  hydraulic  torslo'".       ♦'-h    t  ^ate.>: 
A.    slippage  between  *"l^e  ir*  **  rr..u? 

and  the  driven  c  iber 


10-A. 


In  most  Installatlcas  'cr 
and  the  clutch  release  > 
In  what  maimer? 

1.  Mechanically 

2.  HyJraullcaXly 

3.  Electrlf^ally 
A.  Pneumrti^allv 


10-6. 


10-7. 


10-8. 


,  The  clutch  of  a  motor  vehicle  may  be 
damaged  by  slippage  or  by  the  driver 
riding  the  clutch.    In  what  part  of  the 
d2:utch  would  you' expect  to  find  the 
dkmage  caused  by  either  action? 

1.  Clytch  release  yoke 

2.  Driven  member  disc 

3.  Clutch  facings 

4.  Clutch  linkage 

Whe^  new  linings  are  Installed  on  the  . 
driven  member  of  a  clutch,  which  of  the 
following  statements  Is  CORRECT  In 
reference  to  riveting  the  linings  to  the 
disc?  ,  .. 

1.  The  front  lining  Is  riveted  first 

2.  The  rear  lining  Is  riveted  first 

3.  The  front  and  rear  linings  are 
riveted  simultaneously 

4.  It  makes  no  difference  which  lining 
Is  riveted  first 

Which  of  the  following  types  of  clutches 
is  most  often  used  in  light  automotive 
ground  support  equ.i.pment? 

1.  Plate 

2.  Multiple  disc 

3.  Hydraulic 

4.  Cone 

A  clutch  pedal  with  too  much  free  move- 
ment' will  NOT  cause  damage  to  which  of 
the  following? 

1.  Pressure  plate 

2.  Clutch  facings 

3.  Throw-out  bearing 

4 .  Transmission 


Learning  Objective:     Identify  clutch 
malfunctions  and  determine  probablci  ; 
cause  and  effect  of  slipping,  chat- 
tering or  grabbing,  dragging,  unusual 
noise?  pedal  pulsations,  and  rapiJ 
disc  facing  wear. 
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;;lp-'9.    Heat  generated  by  slipping  clutches  may 
cause  small  cracks  on  the 
1*.  pressure  plate  and  clutch  facings 

;  ■  :  only 

2rf    pressure  plate  and  flywheel  only 

3.  »  pressure  plate,  flywheel,  and  clutch 

facingf}                        ^  \ 
^    4.    clutch  facings  only   ^—  

_10rJLO»-^FrlqT^ ©''conducting  the' test  for  clutch 
.  ^   slippage,  the.  vehicle  engine  must  be 
I       started  and  the  handbrake  set.    Then,  to 
conduct- the  test,  the  clutch  should  be 
rel^^sed  in, what  manner? 

1.  Rapidly  while  accelerating  ^t^^e 
engine 

2.  Rapidly  while  maintaining  engine 
speed  constant 

J  3.     Slowly  while  accelerating,  the  ^ngine 

4.  Slowly  while  maintaining  engine  speed 
constant  • 

10-il.  Excessive  or  insufficient  clutch  pedal 
^      lash  "requires  that  you  first  check  the 

1.  linkage  adjustment 

2.  friction  disc  facings  for  surface 
■  ^  condition 

3.  release  lever  adjustment 

4.  release /bearing  for  wear  or  dryness 

10-12.  Which  of  the  following  conditions  with'- 
in  the  clutch  will  cause  slippage? 

1.  Too  much  pedal  lash  / 

2.  Loose  spring  shackles    '  ^ 
\^            3.    Weak  or  broken  pressure  springs  ' 

4.  '  Broken  clutch  plate 

10-13.  Which  of  the  following  conditions  may 
be  the  cause  of  chattering  or  grabbing 
by  the  clutch  when  it  is  engaged? 
1.    Cracked  or  checked  disc  facings 
'  2.    Loose  disc  facings 
3»    Weak  pressure  springs 
4.    Too  much  free  play 

10-14.  When  a  disengaged  clutch  drags,  attention 
should  first  be  given  to  the 
1.    preissure  plate  linings 
 2 .    pressure  'release  bearing 

3.  disc  facings  . 

4.  pedal-linkage  adjustment 


In  items'.  10-15  through  10-18,  select  from 
column  B  the  condition  th£^t  may  be  caused  by 
each  defective  c}.urch  comp^c^nent  listed  in 
column  A. 


A.  Components 

£. 

Conditions 

10-15. 
10-16. 

Warped  pressure  plate 
Glazed  disc  facings 

1. 

-  ^  f 
Clutch 
drags  when 
disengaged 

in  17 
lU— 1/ . 

10-18. 

Broken  cushion  springs 
in  the  disc 

Worn  disc  facings-  . 

2. 

Clutch 
chatters 
when 
engaging 

3. 

Clutch., 
slips     .  ^ 

10-19. 

' If  excessive  wear  is  found  on 
shaft,  you  should  check  for 

the  clutch 

1.  ongine  and  transmission;  alignment 

2.  weak  disc  dampener  springs 

3.  a  worn  release  bearing 

4.  a  dry  pilot  bearing 

10-20.     If  a  disengaged  clutch  makes  a  noise, 
the  probable  cause  is  a  defective  , 
1^    disc  hub 

2.  disc  damper  spring 

3.  clutch  shaft 

4.  clutch  release  bearing 

,10-21.     If  slight  pressure  is  applied  to  the 

clutch  pedal  and  noticeable  pulsations 
are  felt,  which  of  the  following  con- 
ditions may  NOT  exist? 
1^-    Improper  alignment  of  the  engine 
and  transmission 

2.  A  bent  crankshaft  flange 

3.  An  improperly  seated  flywheel 

4.  Free  pedal  play 

10-22.    Which  of  the  following  conditions  will 
cause  rapid  clutch  disc  wear? 
1.^  Slippage 
P.  Chatter 
:i.  Drag 

4.    Pilot  bearing  wear 


Learning  Objective:    Recognize  pur- 
poses, types,,  and  functions  of 
transmissions  and  indicate  power 
flow  for  various  gear  positions 
including  the-  effects  of  various 
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10-23. 


10-24. 


.\0-25. 


10-26. 


10-27. 


10-28. 


10-29. 


l!ow  does  an  automotive  transmission 
function  to  meet  the  various  speed  and 
power  requirements  of  the  engine?  , 
1.    By  slowing  down  ^ 
By  the;shl£tlng  of  gears 

3.  By  speeding  up 

4.  By  a  transfer  of  power 


The  purpose  of  the  moto^  vehicle's 
transmission  is  to  transfer  power  from 
the  clutch  shaft  directly  to  the 
1*     rear  wheels 
idler  shaft 
propeller  shaft 

differential   


HO-30. 


2 
3 
4 

Refer  to  figure  10-7  in  your  textbook  ^ 
in  answering  items  10-25  through  10-29. 

In  A,  maxlmtim  power^is  produced  because 
the  smallest  countershaft  gear  meshes 
with  the  ' 
1.    smallest' sliding  gear 
2;  -j  largest  sliding  gear 

3.  second  largest  sliding,  gear 

4.  constant  ^peed  gear 

In  gear  arrangement  C,  the  forward  slide 
gear  has  meshedf^with  the 

1.  .  smallest  co\^ntershaf t  gear 

2.  largest  countershaft  gear 

3.  second  countershaft  gear 

4.  constant  speed  gear 

In  gear  arrangement  D,  the  foirward 
sliding  gear  is  meshed  with  the 

1.  smallest  countershaft  gear 

2.  largest  countershaft  gear 

3.  second  countershaft  gear 

4.  constant  speed  gear 

Gear  arrangement  D  allows  the  englno 
crankshaft  and  the  propeller  shaft  to 
.revolve  at  a  ratio  of 
ir  TIT' 

2.  2:1 

3.  3:1 

4.  4:1 

In  gear  arrangement  E,  the  idling  gear 
is  moved  by  the  second  shifting  fork 
until  it  meshes  with  the 

1.  large  countershaft 

2.  small  sliding  gear 

3.  large  sliding  gear 

4.  small  countershaft 


10-31. 


10-32. 


If  the  engine  speed  remains  constant,  ^ 
which  of  the  following  gear  combinations 
will  give  the  most  speed  to  the  vehicle? 
^1.    A  driving  geal:  with  50  teeth  and 
a  driven  gear  with  10  teeth 

2.  A  driving  gear  with  100  teeth  and 
a  driven  gear  with  50  teeth 

3.  A  driving  gear  with  25  teeth  and 
a  driven  gear  with  25  teeth 

4.  A  driving  gear  with  20  teeth  and  a 
driven  gear  with  6  teeth 

What  is  the  approximate  gear- ratio  of 
most  passenger^ car  transmissions  in 
both'  low  and  reverse  gear  combinations? 

1.  .  12:1- 

2.  2:1  _     '  ,  ' 

3.  3:1  . 

4.  4:1  ' 


10-33. 


10-34. 


Learning  Objective:  Recognize 
operating  and  design  character- 
istics' of  transmissions. 


The  constant  mesh  transmission  reduces 
noise  by  utilizing  .  - 

1.  spur-tooth  gea^s  rather  thaii' helical 
gears 

helical  gears  rather  than  spur- 
tooth  gears 

3.  malnshaft  meshing  gears  that  can 
move  endwise 

4.  soundproof  padding  around  the  trans- 
mission' unit 

In  actual  practice,  the  constant  irti^h 
gear  is  seldom  used  in  which  gears? 
r.    First  and  secotid 

2.  First  and  reveriqe 

3.  Second  and  thlrdo 
4i-  Third  and  fourth 

The  driving  and  driven  members  of  a 
synchromesh  transmission  are  brought 
to  the  same  speed  by  the  engagement  of 
the 

1.  dog  clutch  only 

2.  dog  clutch  and  the  friction  cone 
clutch  at  the  same  time 

3.  friction  cone  clutch  only 

4.  clutch  plate  facing  and  the  dog 
clutch  at  the  same  time 


iO-35. 
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.The  synch romesh  transmi&siqfi  shown  in 
«£igure  Ifr-ll  engages  th^ndtched  at^  tKe 
inner  en^s- of  the' b?ilcif£^ks  by  meaiis 
of  .  •  I  \ 

1.  shl§4^r  forks 

2.  poppets  'i 

3.  a  dog  clutch  ^ 
4i    avflrst  speed  clutcB 


Learn ing  Ob j  ec  t  i v e      Acl a t i v e  to 
automotive  tr^smis^'on  trouble, 
identify  trou^)les hooting  tech- 
niques including  asrfeociated  mal- 
functions, and  seLpct  transmission 
repair,  assembly , /and  testing 
procedures.  / 

Before  conclud/ng  that  a  noise  origi- 
nates in  the  jfransmission,  which  of  the 
following  should  the  troubleshooter'NOT 
eliminate  as^'  possible  sources? 

1.  Worn  universal  joints 

2.  Unbalaiiced  tires 

3.  Defecj^iye  wheel  bearings 

4.  Rearxi-ehd  drive 

if 

10-37.    Which  oj'f  the  following  may  cause  tor-  . 

sionaLv vibration  but  HOT  result  in  a 
^  no ise;^'' which  appears  to  originate  in  the 

transmission? 

1.  ,r*Drive  shaft  out  of  balance 

2.  /  Wheels  out  of  bal-ance 

Worn  universal  joints 
Front  end  alignment 


10-36. 


10^40 : 

i  X 


.10-41. 


10-42. 


10^*3'8.    Before  you  remove  the  transmission  * 
assembly  from  a  vehicle,  what  should 
V  you  ensure 'is  done? 

,v  1.    The- transmission  is  filled  with 

/  lubricant 

2.  The  lubricant  is  drained  from  the 
transmission 

3.  The  transmission  is  filled  with 
' flushing  oil 

4.  Obvious  oil  leaks  are  marked  on  the 
assembly  case  ' 

10-39.    The 'transmission  of  a  motor  vehicle  is 
removed  and  inspected.    Which  of  the 
following  may  indicate  the  presence  of 
small  holes  or  cracks  in  the  transmis- 
^         sion  case?   

1.  Tightness  of  the  gears  . 

2.  Oil  dampness  around  the  gdskets  and 
oil  seal?  •  .       . V   i . 

•   '        3.    Moist  oii  spots  on  the  tr^^nsmission 
case 

4;.    Low  level  of  transmission  grease 


10-43. 


10-44. 


If  small  cracks  in  th^  transmission 
case  of  a  vehicle  'extend  into,  the 
bearing  bores,  the  bores  may^be  repaired 
by  the  application  of 

1.  special  cast  iron  welding  techniques 

2.  ordinary  welfling  techniques  . 

3.  ;    ordinary  brazing -techniques 
4*     ordinary  soldering  techniques 

How  should  you  prepare  leather  oil  seals 
be£ore  you  install  them  j.n  a  transmis- 
'sion? 

1.  ^Coat  them  with  light  oil  ^ 

2.  Coat  them  with  medium  oil  - 
.3.     Soak  them  in  light  oil  for  45 

minutes 

4.  Soak  them  in  medium*  oil  for  45 
minutes 

^  Tt.ansmission  parts  that  are  ready  for^ 
assembly  shjtfld  be  coated  with 

1.  light^'Tubricating  oil 

2.  rust  preventive  compound 

3.  medium  grade  preservative  lubri- 
cating oil 

4.  fiber  grease 

After  a  transmission. is  assembled^  you 
should  test  it  by 

1.  installing  it  in  a  vehicle  and 
driving  the  vehicle 

2.  mount itig  it  on  a  test  stand,  con- 
necting the  stand  to  an  auxiliary 
engine,  and  running  the  engine 

3.  rotating  its  ^nput  shaft  at  least 
10  times  witb  a  suitable  wefnch  ^' 

4.  rotating  its  input  shaft  at  least 
one  complete  revolution 


Learning  Objective:  » Recognize  the  . 
function  of  a  transfer  case  in  an 
automotive  power  train,  the  reasons 
why  an  AS^J  must  have  a  knowledge  of 
the  basic  principles  of  an  automa- 
tic transmission,  and  identify  the 
fundamentals  of  hydraulics  as  they 
apply  to  automatic  transmissions. 


When  a  four-whetl  drive  automotive 
vehicle  requires  additional  traction, 
what  transfer  device  automatically 
provides  front^  wheel  drive? 

1.  The  power  takeoff 

2.  The  sprag  unit 

3.  The  auxiliary  transmission 
'4.    The  two-way  clutch 
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10-45."    The  speed  with  which  liquid  flows  from 

one  place  to  another  through  a  confined 
/.  space  is  determined  by  the  liquid's 

i.       1.  viscosity 
<  .     2;..:  specific  gravity,  ^ 
.3.  density 
.A*  'compressibility 

10-46.    Which  of  the  following  statements  is 
corr;"!ct  concerning  pressure  ;^pplied  ^ 
liquid  that  HEomplctely  fills  a  con^ 
tainer? 

1.  Equal  amounts' of  pressure  are  crans- 
initted  to  the  liquid  and  the  walls 
of  the  container,  but  at  right 
angles  to  the  direction  ^from.  which 
the  pressure  is  applied  . 

2.  *  Pressure'is  transmitted  equally  and 

without  loss  to  all  portions  of  the 
liquW  and  the  walls  of  the  con- 
CaineV 

3.  Half  ^he  priessure  is  transmitted  to 
the  walls  of  the  containec  in  the 
direction  of  application,  and  the 
other  half  compresses  the  liquid 

4.  Half  the  pressure  is  transmitted  to 
the  liquid  and  the  walls  of  the  con- 
tainer in  the  direction  ol  applica- 
tion, and  the  othrsr  .half  at  right  . 
angles  to  that  direction* 


Refer  to  figure  10-17  in  your  textbook 

In  answering  items  10-48  and  10-49. 

If  force  1  is  25  pounds,  fofce  2  will  be* 

1.  12.5  lb  .  '  •  V 

2.  25.0  lb 

3.  125.0  lb  0 

4.  250.0  lb 


10-47 , 


10-48. 


10-49-  '  The,  rear  torus  of  the  fluid  coupling 
is  attached  directly  to^  the 

1.  flywheel  •  *  ' 

2 .  crankshaf £ 

^  3.     transmission  input  shaftv 

4.     clutch  housing  v 

10-50.     In  the  fluiid  coupling,  centrifugal  force 
of  the  oil  transfers  kinetic  energy  to  * 
the  .  ^ 

1.  front  toruS  .  ^ 

2.  turbine  blades 

3.  clutch  plate 

4.  '    pump  ' 


10-51. 


10-52. 


10-5.3. 


If  a  pistcin  1  moves  a  distance  of 
inches,  vrtiat  distance  will  piston 
be  moveu 

0.2  in. 
1.6  in. 
2,4  in.-^' 
3.0  irt. 


/ 


10-54. 


Leathing  'Objective:'    Identify  con- 
stuction  features  and  principles 
oft  operation  of  automatic  trans- 
mission fluid  couplings  and 
torque  converters,  and  describe 
the  manner  in  which  they,  function 
under  various  transmission  load 
conditions. 


10-55. 


As  the  speed  difference  between  the"""  \, 
pump  and  the  turbine -±h  a  fluid  coupling 
approaches  the  low  vortex  ?tage,  v]»e»t 
is  the  action  of  *'the  vortex  coils?  , 

1 .  They  -be come  closer  together 

2.  They  become  further  apart 

3.  They  become  stationary  ^ 

4.  They  rotate  faster 

When  does  zero  vortex  occur  in  the  - 
fluid  coupling?  / 

1.  When  the  pump  and  turbine  are'com- 
pletely  stoi)ped 

2.  When  the  pump  and  turbine  are*  " 
rotating  at  the  same  speed  ^ 

3.  Wheii  the  pump  is  rotating  much 
'faster^ than  the  turbine 

4.  When  the  pump  is  rotating  auch 
slower  than  the  turbine 

9, 

Which  of  the  following  is  NOT  an 
advantage  of  a  fluid  coupling? 

1.  'Sudden  jerks  by  .the  engine  are  not 

transmitted  to  ^he  gears 

2.  Eriginte  vibrations  are  not  trans- 
mitted to  the  rest  of  the  power 
train  " 

3.  It  prevents  engine  overload 

4.  > There  is  no  slippage  between  the 

engine  and  drive 

'  In  a  torque  converter,  the  vortex  of 
oil  f's  redirected  as  it  returns  to  the 
drive  member  by  the 

1.  pump^ 

2.  -.'stators 

3.  fluid  coupling 

4 .  transmission 

The  secondary  pump  of  'a  torque  con- 
-:vertcr  begins  to  assist  the  pump  when 
.,^he  .  . 

.l.-  pump  begins  operating 
2.:  ^  turbine  begins  .operating 
3  J     pump  and  turbine  a re_^  operating  at 

about  the  same: 'speed 
4.     pump  is  turning  faster  than  the 
turbine  / 
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10-56.    A  torque  converter  functions  like  a 
fluid  coupling  when  the 
^     1.     secondary  pump  stops  overrunning 
2..    secondary : pump  Is  overrunning 

3.  secondary  stators  are  In  operation 

4.  primary  stators  are  In  operation 

10-37.    In  every  case»  the  function  of  the  added 
membr^rs  of  a  five-member  torque  con- 
verter Is  to  ^ 

1.  reverse  the  direction  of  the  oil 
leaving  the  turbine  when  the  turbine 
and  pump  are  operating  at  any  speed 

2.  reverse  the  direction  of  the  oil 

*  leaving  the  turSlne  vhen  considerable 

difference  exists  between  turbine 
and  pump  speeds; 

3.  lock  out  the  tofquJ^  converter 
thereby  preventing  slippage  between 
the  driving-  and  driven  shafts 

4/    enable  the  torque  converter  to  act 
as  a  conventional  clutch 


Learning  Objective:     Identify  char- 
acteristics and  functions  of  plan- 
etary gear  systems  and  related 
components >  and  recognizer, condi- 
tions of  power  transmission 
through  a  planetary  system  includ- 
ing the  sol'King  of  related  gear 
ratio  probl^^. 


In  Items  10-58  through  10-60,  select  from  column 
B^an  operational  characteristic  of  each  plane- 
tary gear  component  listed  in  colunm  A. 


lo- 


10-58. 
10-^59. 
10-6)[^. 


A.  Components 
Planet  pinion 
King  gear 
Sun  gear 


B.  Characteristics 

1.  Has  internal  teeth 

2.  Occupies  the  "cen- 
tral position  in 
the  unit 

3.  Rotates  around 
the  central  com- 
ponents of,  the 
unit 

4 .  Has  two  smooth 
surfaces  around 
which  gears 
revolve 


61.    Which  of  the  following  is  considered 
^       .      to  be  an  advantage  of  the  planetary 
^  gear  system  of  a  vehicular  transmission? 

!•    There  is  little  gear  tooth  contact' 
and  therefore  little  friction  in 
1  the  system  • 

\  2.    There  is  If ttle  tooth  damage  to  the 

gears  because  they  are  seldom  meshed 
3.    There  is  ho  need  for  special  skill 
on  the  part  of  the  driver  for  opera- 
tion of  the  gear  system 
4*-  There  is  rarely  any  contact  between 
0  more  than  two  gears' in  the  system 

Items  10-62  through  10-66  relate  to 
^     figure  10-24  in  yout  Textbook. 

iO-62.    The  condition  under  which  the  gears  are 
operating  is  a-  case  of 
1.    reverse  "reduction 
i   2.    minimum  ^overdrive  ! 

3.  minimum  reduction 

4.  maximum  reduction 

10-63.    The  propeller  shaft  is  connected  to  the 

1.  >  planet  gears 

2.  planet  carrier 

3.  *sun  gear 

4.  ring  gear  : 

10-64.     In  relation  to  the  direction  and  speed  • 
of ^crankshaft  rotation,  the  propeller  . 
,   -      shaft  rotateff.in  the 

1.     same  direction  and  at  the  same  speed 
'2.    opposite  direction  and  at  the  same 
speed  c 

3.  same  direction  but  at  a  different 
speed  / 

4.  opposite  direction  but  at  a  dlf- 
ferent  speed 

10-65.    To  d'etermlne  the  speed  ratio  between 

the  crankshaft  and  the  propeller  shaft, 
you  must  know  the  number  of  teeth  in 

1.  the  sun  gear  and  the  ring  gear 

2.  the  sun  gear^nd  all  of  the  plane- 
tary gears  ' 

3.  "  all  of  the  planetary. gears  and  the 

ring  gear 

4.  all  of  the  gears  in  the  assembly 

lQ-66.     In  minimum  reduc.tloA,  the  engine  drives 
the 

1.  sun  gear 

2.  ring  gear 

3.  planetary  gears  ^ 

4.  planetary  carrier 
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10-67.    The  speed- reduction  in  .the  case  shown 
.-In  figure  10-25  of  your  textbook  may 
be  calculated  by  which  of  the  following 
•procedures? 

1.  Add  the  number  of  teeth  in  the  sun 
gear  to  the  number  of  teeth  in  the 

.  ring  gear,  and  divide  the  sum  by 
the  number  of  teeth  in  the  sun  gear 

2,  Add  the* number  of  teeth  in  the  sun" 
gear  to  the  number  of  teeth  in  the 
•planet  gears,  and  divide  the  sum 
into  the  number  of  teeth  in  the 
planet  gears 

1  3.    Add  the  number  of  teeth  in  the  sun 

gear  to  the  number  of  teeth  in  the 
ring  gear,  and  divide  the  sum  into 
the  number  of  teeth  in  the  planet 
gears 

A.    Add  the  number  of  teeth  in  the  sun 
gear  to  the  number  of  teeth  the 
.ring  gear,  and  divide  the  sum  into 
the  number  of  teeth  in  the  ring 
gear 


\ 
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Assignment  11 


Power  Trains  and  Hardwarei  Fuels,  Lubricants  and  Hydraulic  Fluids 


Text:    :Pages  307  -  339 


11-1. 


Learning  Objective:  Identify 
construction  features  and  p"*'^  ■:i- 
ples  of  operation  of  auto3>'i  ! 
transmissions,  fluid  coupllags, 
torque  converteis,  a;id  describe 
the  manner  iu  which  they  function; 
under  various  transmission  lead'  ~^ 
conditions  (c:  tinued) . 


In  reverse  reduction,  the  propeller  shaft 
is  connected  to  which  of  the  following 
components? 

1.  Sun  gear 

2.  Ring  gear 

3.  Planet  gears 

4.  Planet  carrier 


11-4.    A  speed  increase  in  minimum  overdrive  may 
be  calculated  by  adding  the  number  of 
teeth  In  the 

1.  sun  gear  to  the  number  <t  teeth  in 
the  ring  gear,  then  J  Ividing  the  sum 
by  the  number  of  teeth        the  sun 

■  gear 

2.  sun  gear  to  the  number  of  teeth  in 
the  ring  gear,  then  dividing  the 
sura  by  the  number  of  teeth  in  the 
ring  gear 

3.  sun  gear  to  the  number  of  teeth  in 
the  plant  gears,  then  dividing  the 
sum  by  the  number  of  teeth  in  the 
sun  gear 

4.  planet  gears  to  the  number  of  teeth 
in  the  ring  gear,  then  dividing  the 

^  sum  by  the  number  of  teeth  in  tl^e^,^ 
ring  gear 


11-2.     Refer  to  figure  10-26.     If  the  ring  gear  11-5. 
has  48  teeth  and  the  sun  gear  has  24 
teeth,  the  speed  reduction  is 

1.  one-.fourth 

2.  one-half 

3.  three-fourths 

4.  zero 

11-3.    Minimum  overdrive  is  accomplished  by  the 

eugine  driving  the  11-6. 

1.  planet  carrier  and  the  sun  gear  driv- 
ing  the  propeller  shaft  \ 

2.  planet. gears  and  the  ifing  gear  driving 

the  propeller  shaft  \^  - 

3.  planet  carrier  and  the  ring  gear  driv- 
ing the  propeller  shaft 

4.  sun  gear  and  the  ring  gear  driving 
the  propeller  shaft 


When  the  engine  drives  the  planet  carrier 
and  the  sun  gear  drives  the.  propeller 
shaft  with  the  ring  gear  held  against 
rotation,  the  system  is  operating  in 

1.  reverse  reduction 

2.  reverse  overdrive 

3.  maximum  Overdrive 

4.  minimum  reduction 

Refer  to  figure  10-28  of"  your  textbook. 
If  the  sun  gear  has  12  teeth  and  the  ring 
gear  has"  48  teeth,  the  ratio  between, 
engine  rotation  and . propeller  shaft 
rotation  will  be 

1.  1;1 

2.  1:2" 
^<3.  1;3 

4V  1:5 


11-7.     If  ariy^member  of  a  planetary  gear  system 

^.s  held  ^locked  to  any  one  of  the  other 
members,  the  system  will  operate  in 

1.  direct  drive 

2 .  minimum  overdrive 

3.  maximi3i  bverdrive 

4.  reverse  overdrive. 
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11-8/    The  only  condition  under  which  a  plane- 
tary gear  system  may  be  operated  to 
obtain  a  1:1  ratio  between  engine  speed 
and  propeller  shaft  speed  is  in 
1.    maximum  overdrive 
minimum  overdrive 
3.    direct  drive 
A.  neutral' 

11-9.     If  the  sun  gear  is  driven  by  the  engine 
and  none  of  the  other  components  are 
locked  together  or  held  against  rotation, 
the  system  will  operate  in 

1.  maximum  overdrive 

2.  minimum  overdrive 

3.  direct  drive 

4.  neutral 


11-13.    Automatic  transmission  gfear  ratio  sel- 
ection may  be  affected  by 

1.  vehicle  speed  only 

2.  terrain  conditions  only 

3.  the  driver's  demands  only 

A.    vehicle  speed,  terrain  conditions, 
or  driver's  demands 

11-lA.    Maintaining  the  balanced  pressure  plan 
in  automatic  transmissions  is  the  func- 
tion of  various  control  valves  which  can 
be  operated  by  the  action  of 
1,    .throttle  valve  pressure  only 
-2,  *  eyigihe  vacuum  only^ 

3.  xetupi  spring  pressure  only 

4.  1;hrottle  valve  pressure,  engine 
Vacuum,  or  return  spring  pressure 


0     In  answering  items  11-10  through  11-12, 
refer  to  table  10-2  in  your  textbook 
and  to  the  following  information: 

^     The  planetary  unit  of  .an  automatic  trans- 
mission  1ias  a  ring  gear  containing  40 
teeth,  a  sun  gear  containing  20  teeth,  and  is 
turned  by  a  crankshaft  at^  900  rpm. 

11-10.  If  the  engine  is  connected  to  the  sun 

gear  and  the  propeller  shaft  is  ^connected 
to  the  planet  carrier,  what  is  the 
speed  of  the  propeller  shaft? 

1.  300  rpm  ■  ' 

2.  600  rpm  '  / 

3.  900  rpm 

4.  2,700  rpm 

11-11.  How  must  the  engine  and  propeller  shaft  be 
connected  to  this,  planetary  unit  in  order 
to  obtain  a' propeller  shaft  rotation 
speed  of  600  rpm? 

1.  Engine  to  ring  gear^,  propeller  shaft 
to  planet  carrier^ 

2.  Engine  to  sun  gear,  propeller  shaft 
to  planet  carrier 

3.  Engine  to  planet  carrier,  propeller 
shaft  to  sun  gear 

A.    Engine  to  planet  carrier,  propeller 
shaft  to  ring  gear 

11-12.  In  reverse  reduction,  in  what  direction' 
and  at  what  speed  will  the  propeller 
shaft  rotate? 

1.  Same  direction  as  the  crankshaft  at 
*    A50  rpm 

2.  Opposite  to  that  of  the  crankshaft 
at  A50  rpm 

#         3.     Same  direction  as  the  crankshaft  at 
600  rpm  . 

A.    Opposite  to  that  of  the  crankshaft  at 
600  rpm 


Learning  Objective:     Identify  shaft 
drive  assemblies  and  cpi^ponents  as 
to  types,  purposes, ■ and  maintenance 
proced^^res.  / 


11-15.    A  slip-joint  in  a  propeller  shaft 

assembly  in  the  power  train  of  a  vehicle 
is  necessary  because 

1.  the  distance  between  the  engine  and 
the  transmission  varies 

2.  the  distance  between  the  transmission 
and  the  differential  varies 

3.  the  differential  moves  up  and  down 

A.     a  torsion  shock  absorber  is  necessary 
in  the  power  train 

11-16.    The  purpose  of  the  differential  in  the 
tear  axle  assembly  is  to 

1.  connect  the  rear'^axles  together  to 
act  as  a  single  axle 

2.  permit  both  drive  axles  to  be  dri\^en 
as  a  single  unit  even  when  they  are* 
driven  at  different  speeds 

3.  prevent  the  rear  axles  from  turning 
at  different  speeds 

A.    boost  engine  power  transmitted  to 
the  wheels 

11-17.     In  a  left  turn  the  no-spiri  differential 
applies  full  drive  to  the 
1.     left  rear  wheel 
2'     right  rear  wheel 
'         3.     left  front  wheel  . 
A.    right  front  wheel 
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11-18..    If  a  vehicle  produces  a  humming  noise 
in  the  differential  when  being  driven 
straight  on  a  smooth  surface,  this 
ustially  means  that  the 

1.  drive  ring  gear  or  drive  pinion 
gear  needs  adjusting 

2.  drive  ring  gear  or  differential  side 
gears  are  too  tight 

3.  differential  pinion  gears  or 
differential  side  gears  are  too  tight 

A.    differential  must  be  replaced 

-:ll-19.    What  type  of  rear  axle  is  used  in  most 
ground  support  equipment? 

1.  Plain 

2.  Semifloating  / 

3.  Full  floating' 

A.    Three-quarters  floating 

11-20.    Which  of  the.  following  procedures  should 
be  followed  when  one  end  of  a  vehicle  is 
raised  from  the  ground  to  allow  service 
or  work  to  be  performed' on  the  drive 
train  assemblies? 

1.  The  jack  or  lifting  device  used  tg 
raise  the  vehicle  should"  be  blocked 
and  supplemented  with  two  safety 
stands 

2.  A  minimum  of  two  jacks  should  be 
used  to  support  the  vehicle 

3.  A  jack  with  a  5-ton  lifting  capacity 
should  be  used  and  supplemented  with 
two  ^safety  stands 

A.     A  minimum  of  two  safety  stands  should 
be  used  t^>^upport  the  vehicle  in 
place  of  tlRie  lifting  device  that 
raised  it 


11-23.    Hardware  used  on  nonmoving  fittings 
and  bosses  are  called  — 

1.  washers 

2.  gaskets 
3*  packings 
4.  -bushings 

11-2A.     Backup  rings  are  NOT  required  in  hydraulic 
systems  with  less  than  what  maximum 
pressure? 

1.  1,000  psi 

2.  1,500  psi 

3.  3,000  psi 
A.     3,i00  psi 

11-25.    How  are  0-rings  identified? 

1.  By  the  stamp  on  the  0-ring 

2.  By  color  coding 

3.  By  technical  information  printed  on 
the  0-ring  ^ 

A.    By  "^technical  information  prii^ted  on 
the  0-ring  package 


11-26. 


11-27. 


Learning  Objective:    With  respect 
to  hardware  and  consumable 
materials,  indicate  procedures  of 
selecting  hardware  and  materials. 


11-21.    What  is  the  purpose  of  seals  used 

throughout  the  systems  of  ground  support 
equipment? 

1.  To  increase  friction 

2.  To  minimize  leakage 

3.  To  facilitate  alignment 
A.    To  facilitate  connections 

fx  11-22.    Hardware  used  on  sliding  or  moving 
assemblies  in  the  shape  of  0-ilngs 
or  other  shapes  are  called 
1.  washers 

 2-»_„_  gaskets 

^    '3.  packings 
^j-^      A.  bushings 


11-28. 


.11-29. 


11-30. 


\ 


An  0-rihg  manufactured  in  the  thitd 

quarter  of  1975  would  have  a  cure! 
date  on  the  package  of 

1.     1Q75                             •  \ 

2Q75  , 

3075  ' 

AQ75         ,  \ 


2. 
3. 
A. 


\ 


When  should  the  preservation  of  the.O- 
ring  be  removed? 

1.  I  When  ready  for  installation 

2.  '  After  installation 

3.  /  Three  hours  prior  to  installation 
A.    Twelve  hours  prior  to  installation 


Gaskets  should  NOT  be  compressed  against 

1.  end,  caps 

2.  smooth  faces 

3.  torqued  smoothed  faces 

A.     irregular  or  rough  surfaces 

The  purpose  of  the  cylinder  head  gasket 
is  to  maintain  a 

1.  gas  and  coolant-tight  seal 

2.  gas  and  lubricant-tight  seal 

3.  lubricant  and  coolanfc^tight  seal 
A.     lubricant  and  air-tight  seal 

What  are  the  three  principle  parts  of 
the  bolt? 

1.  Head,  thread,  extender 

2.  Head,  thread,  shaft 

3.  Head,  thread,  grip 
A.    Head,  thread,  length 
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Learning  Objective:  Recognize 
component8»/>  propertlves » 
characteristics »  and  stages 
of  combustion  of  gasoline, 
and  indicate  causea,  results » 
and  remedies  for  detonation.  - 


11-31.    Excessive  choking       an  engine  in  cold 
.  weather  should  trfr  avoided  because  it 
leaves  excessive  amounts  of  unvaporized 
fuel  in  the  intake  and  combustion ' 
system  which,  in  tura 
1.    prevents  proper  fuel-air  mixture 

from  entering  the  sy&tem 
.2.    seeps  into  the  crankcase  and  dilutes 

the  lubricating  oil  j 
3.    causes  the  engine  to ^over speed  when 
it  warms  up 

reduces  the  operational  economy  of 
the  engine 


A. 


In  items  11-32  through  11-35,  select  from  column 
B  the  stage  of  combustion  in  which  each  event" 
listed  in  colimn^A  occurs. 


•Events' 


11-32. 


Effective  burning 
occurs 


B.  Stages 
1 


11-33.  .  A  small  ball  of 
bliie  flaone 
develops  in  the 
gap  of  the  spark 
plug  electrodes 


11-34.    Fingers  of  flame  ' 
are  sent  into  the  ' 
mixture  in  the 
-cor  ">ustion  chamber 

11-35.  If  it  should  take 
place,  detonation 
occurs 


Formation  of  a 
nucleus 


2.  Hatching  out 

3.  Propagation 

4.  Dissipation  of 
energy 


11^36.    Detonation  can  result  in  destruction  of 
an  engine.  .However,  the  most  likely 
result  of  detonation  will  be 

1.  high  fuel  consumption  only 

2.  power  loss  only 

3.  overheating  only 

4.  power  loss,  overheating,  and  high 
fuel  'Cphsump  t  ion 


y.-37..   The  best  way  to  minimize  knocking  or 
detonation  is  to 

1.  use  hot  spark  plugs 

2.  put  heavy  oil  in  the  crankcase  to 
incresfse  ring  sealing  capabilities 
thereby  increasing  compression  in  the 
cylinders  \ 

3.  use  a  gasoline  of  the  octane  recom- 
mended for  the  engine 

_4.     preheat  the  fuel  prior  to  injection 
into  the  cylinders  * 

11-38.    How  should  the  spark  be  adjusted  with 
4  :  respect  to  the  octane  rating  of  a  fuel? 

1.    Advance  the  spark  when  higher  octane-^ 
fuel  is  used 
,  2r    Retard  the-  spark  whe^i  higher  octane 
-   .    ^    fuel  is  used 

3.  Advance  the  spark  when  lower  octane 
fuel  is  used 

4.  Either  retard  or  advance  the  spark 
when  higher  octane  fuel  is  used, 
depending  on  nthe  heat  rating  of  the 
spark  plugs 

11-39^.    Tetraethyllead  is  added  to  gasoline  for 
the  purpose  of 

1.  decreasing  the  volatility  of  the 
gasoline   .  y  . 

2.  improving  the  starting  qualities 
»  of  the  gasoline 

3.  reducing  the  rate  at  which  gasoline 
burns  / 

4.  increasing  the  octane  rating  of  the 
gasoline  • 

11-40.     Since  the  Nayy:,uses  fuels  of  specified 

octane  ratingsV  '<ietonation'  in  a  support^ 
-  vehicle  engine^may  be  caused  by  / 

1.  preignition  6nly 

2.  a  lean  fuel  mixture  only. 

3.  a  defective  cooling ^/stem  only 

4.  a  defective  cooling  system,  a 
lean  fuel  mljcture,or  preignition 

11-41.    Which  elements  contained  in  gasoline 
make  it  burn  freely  in  air? 

1.  Oxygen  and  hydrogen 

2.  Carbon  and  hydrogen 

3.  Carbon  and  oxygen 

^.         4.     Carbon  and  nitrogen 

11-42.    Which  property  of  gasoline  determines 

its  tendefncy  to  change  from  a  liquid  to 
a  vapor  at  varying  temperatures? 
V:  Purity 

2.'    Antiknock  quality 
.  3.  Volatility 

4.  UnifStmity. 
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11-43.    The  best  way  to  prevent  vapor  lock 
during  hot  weather  is  to  ' 
■   1.    insulate  all  parts  of  the  fuel  ^i.' 
systcim  from  the  hot  engine  pattia 
2.    remove  the  engine  'thermostat  so:  :< 
that  the  engine  will  run  cooler' 
■       3.    use  a  fuel  of  high  volatility  ^" 
A.    use  a  fuel  of  I9W  volatility 


Learning  Objective:  Recognize 
requirements  and  charactleristics 
of  diesel  fuels  and  .^engines . 


11-A4.    Which  quality  of  diesel  fuel  is 

considered'  the  most  important  and 
necessairy?  .  . 

1.  ^.  Volatility  '  ■ 
1\  Viscosity 

^^3.  Cleanliness 
y-'^      4.     Ignition  quality 

11-4-5.    Why  is  water  more  objectionable  in  diesel 
fuel  than  in  gasoline? 
*  1.     Diesel  fuel  must  ignite  without  a  ^ 
spark  and  water  reduces  this 
capability 

2.  Diesel  fuel  is  lighter  than  gasoline 
and  mixes  readily  with  water,  and 
the  filter  system  cannot  prevent 
water  from  passing  through  the  fuel 
system 

3.  Water  causes  rough  Yiinning  and  will 
also  corrode  the  injectors  very 
quickly 

4.  The  cooling  effect  of  water  retards 
diesel  ignition 

11-46.    Which  of  the  following  statements 

concerning  the  viscosity  of  diesel  fuel 
is  correct? 

1.  The  higher  its  viscosity,  the  less 
will  be  its  resistance  to  flow 

2.  The  higher  its  viscosity,  the  greater 
"will  be  its  resistance  to  flow 

3.  The  lower  its  viscosity,  the- 
greater  will  be  its  resistance  to 
flow 

4.  The  viscosity  of  the  fuel  has  no 
effect  on  its  resistance  to  flow 

11-47.    Why  do  diesel  engines  knock  when  first 
started  or  when  idling? 

1.  Diesel  engines  have  a  very  high 
compression  ratio  and  the  fuel 
ignites  too  early 

2.  Diesel  fuel  does  not  burn  fast 
enough  at  a  low  temperature  or  with 
low  compression 

3.  There  is  a  delay  between  the  time  of  - 
injection  and  ignition 

4.  Diesel  engines  have  low  compression 
i  and  the  fuel  ignities  too  late 


Learning  Objectiv.e:  Recognise 
requirements  and /characteristics 
of  JP-5  fuel. 


11-48.    JP^  *^  ,/hile  burning  for  two  hours^Jji_,a 

piston  engine  will  produpe  appfbximately 
how  many  horsepower?  ^ 

1.  One  horsepower 

2.  Five  horsepower 

3.  Three  horsepower 

4.  One-half  horsepower 

11-49.    JP-5  with  a  vapor  pressure  of  approxi- 
mately 0  psi  ts  what,  type  of  fuel?  • 

1.  Gasoline 

2 .  Kerosene 

3.  Diesel 

4.  AvGas 

11-50.    What  type  of  additive  is  found  in 

gasoline  that  is  NOT  found  in  JP-5? 

1.  .Toluene 

2.  'Xylene 

3.  Tetraethyllead 

4.  Cumenelead 


Learning  Objective:  Indicate 
functions ,  characteristics , 
purposes  of  additives,  and  uses 
of  lubricating  oils  and  greaf^es. 


11-51.     Although  the  primary  function  of.  lubri- 
cating oil  in  an  internal  comtustion^ 
engine  is  to  prevent  mecal- to-m^cal 
'  contact  of  moving' parti  -  "*t  must  aiso 
function  as  a 

1.  coolant  only. 

2.  cleanser  only 

3.  sealing  agent  only 

4.  coolant,  cleanser,  and  sealing_agent 

11-52.    Which  characteristic  of  lubricating  oil. 
is  most  important  when  you  are  deter- 
ming  the  oil  to  use  in  a  diesel  engine 
equipped  with  an  oil  cooler? 

1.  Viscosity 

2.  Cleaning  capability 

3.  Sealing  quality 

4.  Oxygen  absorption  capability 
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Detergents  are  added  to  lubricating 
oils  to  aid  in  cleaning  dirt,  gum,  and 
othe^  impurities  £rom  the  engine  and 
then  neutralizing  them  by 

1.  forming  heavy  globules  ^Jith  the 
impurities  which  then  settle  to 
•the  bottom  of  the  pan 

2.  holding  the  impurities  in  suspension  ^ 
in  the  oil  '  •  » 

3.  forming  large  globules  with  the 
impuritites  which  are  then  trapped 
in  the  filtering  system 

4.  vaporizing  the  impurities  so  they 
can  be  vented  from  the  crankcase 

Why  should  lubricating  oil  be  changed 
at  regular  intervals? 

1.  Because  of  its  change  in  viscosity 

2.  Because  of  its  increase  Ih  acid 
content 

3.  Because  of  its  buildup  of  gum  and 
varnish 

4.  Because  dirt,  gum,  and  other 
impurities  are  held  in  suspension 
in  it 


11-59 •    In  addition  to  satisfactory  performance 
in  operation,  the  most  important 
requirements  for  grease  include 

1.  stability  only 

2.  noncorrosiveness  only 

3.  water  resistance  only 

4.  stability,  noncorrosiveness,  and 
water  resistance 

11-60.    In  the  manufacture  of  grease,  soaps 

are  added  to  regulate  witter  resistance^, 
and   ' 

1.  heat  stability 

2.  corrosive  action 

3.  oxidation 

4 .  consistency  * 


Learning  Objective!  Indicate 
properties  and  types  of  hydraulic 
fluid,  the  results  of  mixing  . 
different  types,  and  your  role 
in  hydraulic .system  maintenance. 


11-55.    Under  the  system  established  by  the 

Society  of  Automotive  Engineers  (SAE) 
for  classifying  lubricating  oils,  oil 
is  characterizes*  by  its 
1/'*^  stJepific  gra  ity 
2.   •flash  and  fire  points 
'  "3.  viscosity 
4.     detergent  capability 


11-56. 


1^V57. 


11-58. 


In  addit  i  "o  its  being  used  in  the 
engine,  lubricating  oil  is  also  used 
la  the 

1.  gear  unit  transmission  only 

2.  differential  only 

3.  steering  gear  unin  only 

4.  transmission,  differential,  and 
steerj  -^g  gear  unit 

*>  . 

Which  of  the  following  statements 
describes  the  viscosity  characteristics 
of  an  oil  with  a  low  viscosity  index? 
1.  'It  becomes  thin  at  low  temperatures 

and  thick  at  high  temperatures 
2".     It  becomes  thick  at  low  temperatures 

and  thin  at  high  temperatures 

3.  It  remains  thin  at  all  temperatures 

4.  It  remains  thick  at  all  temperatures 

What  is  t"he  MILSPEC  of  the  type  of  lube 
oil  that  is  used, in  a  gas  turbine  engine? 

1.  MIL-L-7808 

2.  .  MIL-L-9502 

3.  MIL-L-2369.9B 

4.  MIL-L-1010 


11-61.    What  property  of  hydraulic  fluid 

indicates  its  desirable  characteristics 
of  resiiitance  to  combustionx and 
evaporation?  '  . 

1.  A  low -viscosity  index 

2.  A  high  flashpoint 

3.  .  Chemical  stability 

4.  Freedom  from  acidity 

11-62.    The  hydraulic  fluid  most  commonly  . 

used  in  aviation  support  equipment  has 
_  .       what  type  of  base? 

1.  Petrbleum 

2.  Vegetable 

3.  Synthetic 

4.  Mineral  ^ 

11-63.    As  an  ASM,  your  maintenance  on  a 

hydraulic  system  will  normally  be  limited 
to 

1,  measurl,ng  system  pressure^ 

2.  checking  and  adding  fluid 

3,  routine',  tightening  of  connections 

4.  .  replacing  filters 


Learning  Objective:  Recognize 
ha?:ards  and  safety  precautions 
associated  with  petroleum  products. 
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Although  the  handllag  of  all  petroleum 
producus  can  create  hazards*  what  Is 
the  most  hazardous  to^  handle  because  of 
Its  toxic  and  highly  combustible  vapors? 
1*    Lubricating  oil 

2.  Hydraulic  fluid 

3.  '   Diesel  fuel 

4.  Gasoline 

11-65.    Compared  to  the  weight  of  air^  vapors 
from  petroleum  products  are 

1.  lighter 

2.  heavier  ^ 
3*     the  same  weight 

4*^  either  lighter  or  heavier »  depending 
•  on  which  product  is  producing  the 

vapors 


11-66,    What  is  the  maximum  time  that  a  person 
.may  be  exposed  to  petroleum  vapors 
without  serious  effects? 

1.  6  min 

2.  10  min 

3.  15  min 

4.  20  min 

11-67.    What  type  of  fire  extinguisher  is 

recommended  for  use  on  petroleum  fires? 

1.  Dry  chemical  only 

2. *    Water-acid  ' 
S. 
4. 


CO2  only 

Dry  chemical  or  CO2 
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Assignment  12 


Gas  Turbine  Compressors  and  Air  Condi ti oners 


Text:    Pages  341  -  371 


Learning  Objective:    Relative  to 
gas  turbine  compressor  units  (GTC) , 
recognize  capabilities,  similar- 
ities, and  differences  as  ralated 
to  purpose,  general  operating 
characteristics,  functions  of 
major  components,  and  associated 
hazards. 


12-1.    The  prolonged  life  of  the  gas  turbine 
engine  depends  upon 

1.  knowledge  of  the  pilot 

2.  proper  weight  of '  oil 

3.  knowledge  of  maintenance  personnel 

4.  use  of  no-iead  gasoline^ 

12—2.    What  are  the  two  basic  types  of  gas  tur- 
bine engines?  • 

1.  Centrlfugal-f low  and  axlal-flow 

2.  Centrlfugal-f low  and  radlal-flow 

3.  Centrlfugal-f low  and  In-line 

4.  f.antr  If  ugal-f  low  only 

12-3.    Which  gas  turbine  engine  Is  most  commonly 
used  In  ground  support  equipment? 

1 .  Reverse-flow 

2.  Centrlfugal-f low 

3 .  Axlal-flow 

4.  Turbo-jet 

y/-4.    The  gas  turbine  engine  has  how  many  major 
sections? 

1.  One 

2 .  Two  ■  , 

3.  Three 

4 .  Four 

12^5.    The  gas  turbine  compressor  mounted  on  the 
MD-3  is  mainly  used  at 

1.  shore  statlbns  only 

2.  aboard  slilp  only 

3.  shore  stations  and  aboard_  ship 

4.  depot— type  maintenance  ^^tivlties 


12-6.    Thd  NCPP-105  compressor  supplies  how 

many  pressure  ratios  of  comprenr^id  **lr? 

1.  Five 

2.  Two 

3.  'Three 

4.  Four 

12-7.     In, reference  to  the  air  reaching  the 

compressor  unlw,  which  of  the  following 
statements  is  corteci.? 

1.  The  air  must  be  a  callable  in  the  ' 
sane  quantity  required  to  operate 
reciprocating  engines 

2.  The  air  must  leach  the  compressor 
free  from  turbulence 

3.  The  air  must  be  heated  to  a  high 
temperature 

4.  The  air.  must  be  under  extremely  high 
pressure' 

12-8.  Limitation  of  the  amount  of  fuel  burned 
in  the  combustion  chamber  is  based  upon 
the 

1.  maximum  pressure  that  can  be  toler- 
ated by  the  turbine 

2.  maximum  amount  of  kinetic  energy 
needed  to  perform  the  operations  of 
the  turb;Lne' 

3.  minimum. temperature  needed  to  oper- 
ate the  turbinie 

4.  maxi:mi!n  temperature  that  can  be 
toler  vc^^i  by  the  turbine 

J2-9.     Uniformly, mixei  air  and  fuel  in  an  air 
to  fuel  ratio  of  less. than  50  to  1  will 
not  burn.    This  difficulty  is  overcome 
in  i  he  combustion  chamber  by 

1.  admitting  only  a  small  portion  of 
the  incoming  air*  until  ignition 
occurs 

2.  igniting  the- fuel  first  and  then 
admitting  the  air 

3.  heating  the  fuel. first  so  that  it ^ 
expands,  and  ignites  ;more  erisily 

4.  heating  the  air  first  so  that  igni- 
tion occurs  more  tapidly 
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12-^10;    The  kinetic  energy  of  the  burned  gases 
from  the  ccxabustlon  chamber  is  con- 
verted to  shaft  power  by  which  of  the 
■  following  sections  of  the  unit? 

1.  Caapressor  only 

2.  Turbine  only 

3.  Accessory  only 

4.  Turbine,  compressor,  and  accessory 

12-11.    Air  used  in  operating  pneumatic  equipment 
is  taken  from  what  part  of  the  unit? 

1.  Turbine  section 

2.  Combustion  chamber 
^          3 .V  . Compressor  section 

4.    Accessory  section 


In  items  (12-12  through  12-14,  ^selec t  from  column 
B  the  section  of  the  unit  that  performs  each 
function  listed  in  column  A. 


A.  Functions 

12-12'.    Provides  direct  drive 
to  the  oil  pump  - 
assembly 


12-13-    Provides  drive  for 
the  entire  unit 


12-14.    Develops  compressed 
air 


B.  Sections 

1.  Compressor 

2.  Combustion 
chamber 

. 3.  Power 

turbine 

4'.  Accessory- 


12-15.    As  an  ASM  working  on  or  around  a  unit, 
v^hich  of  the  following  hazards  is  NOT 
important? 

1.  Tools,  rags,  and  other  foreign 
materials  can  be  ingested  into  the 
air  inlec  of  the  GTC  unit  ' 

2.  The  extremely  hot  and  hlgii  velocity 
exiiaust  gases  may  strike  personnel 
working  in  the  area  of  a  GTC'^unit 

3.  The  high  intensity  sound  produced 
by  the  GTC  unit  may  impair  the 
hearing  capability  of  personnel  in 
the  area  _  . 

4.  Hot  oil  can  be  thrown  from  the  GTC  - 
unit 


Learning  Objective:     Indicate  the 
function  or  purpose  of  components 
of  GTC  air,  fuel,  lubrication, 
and  electrical  systems. 


12-16.    Refer  to  figure  12-8  in  your  textbook. 
The  compressed  air  that  is  developed 
for  external  use  is  obtajLned  as-  bleed 
air  from  the 

1.  ..turbine  exhaust 

2.  turbine  plenum  chamber 

3.  compressbr  first  stage  impeller 
^ .    flame  tube 

12-17.    Refer  to  figure  12-8.    The  compressed 
air  used  to  support  pneumatic  loads  is 
obtained  as  bleed  air  from  the 
1 . .   flame  tube 

2.  turbine  exhaust 

3.  turbine  plenum  chamber  • 

4.  compressor  first  stage  impeller 

12-18.    Constant  turbine  rpm  is  automatically 
maintained  after  the  fu^l  system^is 
properly  adjusted.    Which  component  of 
u       the  unit  is  responsible  for  this  auto- 
matic, control? 

1.  The  fuel  spray  nozzle 

2.  The  turbine  .plenum  chamber 

3.  The  fuel  and  bleed  air  control  unit 

4.  the  flame  tube  inlet  valve 


In  items  12-19  thraugh.  12^22^,,  s^sfcact-^from 
column 'b  the  fuel  and  bleed-air  control  system 
component  that  performs  each  function  listed  in 
column  A.  ^ 


Functions 


12-X9.    Controls  fuel  flow 
during  starting  and 
acceleration 

12-20.    Controls  the  rate 
of  acceleration 

12-21.    Controls  the  amount 
of  air  that  is  bled 
■  from  the  erilgine 

12-22.     Is  closed  to  pro- 
vide additional  fuel 
during  load  oper- 
ations * 


B.    Components  - 

1.  Acceleration 
llmiter 
valve 

2 .  Governor 

3.  Acceleration 
stabilizer 

*4.    Load  valve 


12-23.    ^.cifer  to  figure  12-10  in  your  textbool^. 

After  the  oil  has  lubricated  the  gears,\ 
shafts,  and  bearings,  it  is  routed  y 
through  the  common  sump  directly  to  the  \ 

1.  scavenge  pump  ^  \ 

2.  oil  tank 


3. 
4. 


oil  cooler 
pressure  pump 
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12-32. 


12-24.    The  purpose  of  the  Ijypass  line  around  12-29. 
the  oil  cooler,  as  illustrated  in  figure 
12-10  of  your  textbook,  is  to 

1.  prevent  Iosh  of  pressure  in  the 
event  thsr  the  coder  becomes  clogged 

2.  supplemei'*  the  oil  flow  through  the 
cooler  -  - 

3.  prevent  cqoli  ife  of  the  oil  until  the  12-30. 
oil  t^peraturc  exceeds  operating 

.  temperature 

4.  >  act  as  a  feedback  line  to  further 

cool  any  oil  that  may  still  be  too 
hot  after  lesvi.     the  cooler  • 

12-25.    The  pu'-pose  of  the  electrical  systems  > 
of  the  gas  turbine  engine  is  to  provide 
''•the  operator  with  the  means  to  perform  12-31. 
which  function? 
y    1.    Operate  the  engine  only 
^     2.     Stop  the  eng:*.ne  only 
y'  3.    Start  the  engine  only 

4.    Opeiate,  start,  and  stop  the  engine 
,       ■  I 
12-26 .>.^^7hej  35  percent  switch  in  the  unit's 

*^/eleptrical  system  functions  to  / 

1.  ^/  deenergize  the  starter  / 

2.  I  act  as  a  safety  device 

3.  permit  the  use  of  bleed  air 
4..   start  the  unit 

12-27.    The  purpose  of'S:he  110  percent  switch 
in  the  unit's  electrical  system  is  to 

1.  actuate  a  governor  which  reduces 
engine  rpm  to  a  safe  level 

2.  deenergize  the  ignition  unit  if . the 
,  engine  rpm  exceeds  110  percent 

3.  complete  the  circuit  to  the  load 
■  ^"  light  to  indicate  that  a  load  may 

be  applied 

4.  shut  off  the  fuel  to  the  engine  if 
the  engine  accelerates  past  110 
percent 

^  "  '  ~f  

Learning  Object-ive:     Indicate  pro- 
cedures for  performing  a  .preoper- 
ational^ inspection;  and  recognize 
operating  characteristics, 
including  starting  and  shutfiown 

procedures  of  the  GTC.    12-34. 


12-28.    The  specific  gravity  of  the  battery's 
electrolyte  should  be  checked  every 

1.  day 

2.  three  days 

3.  seven  days 

4.  thirty  days 


12-33. 


The  duty  cycle  of  the  starter  on  the  GTC 
.engine  is  > 

1.  '  1  minute  on,  1  minute  off 

2.  2  minutes  jon,  4  minutes  off 

3.  1  minu'te  on7""'TTfftriutc»-^-o4f  

4.  4  minutes  on,  1  minute  cif  ^ 

When  starting  a  newly  overhauled  gas 
turbine  compressor  unit,  you  ^ress  the  • 
oil  primer  button  and  -hold  it  until 

1.  95  percent  of  governed  speed  ±3^^ 
reached  "-^ 

2.  the  unit  lights  off 

3 .  th6  load  light  glows  ' 

4.  the  load  is  applied 

You  observe  that  the  turbine  discharge 
temperature  has  bee^'^687**C  for  the  last 
7  seconds.    What  ^ould  you  do  immedi- 
ately? ,  / 

1.  Depress  the  stop  switch 

2.  Retard  the  throttle  setting  ^ 

3.  Adjust  the  acceleration  stabilizing 
valtfe 

4.  Disconnect  the  bleed-air.  load 

The  normal  shutdown  procedure  for  a  gas 
turbine  engine  is  to 

1.  disconnect  and  stow  the  air  hose 
||.rior  to  depressing  the  stop  switch 

|.  and  tiirning  the  fuel  valve  off 

2.  provide  a  5  minute  cooling  off 
period  before  disconnecting  the 
battery      •  /  . 

,3.    turn  the  manual  fuel  shutoff  valve 
off,  atid  let  the  turbine  coast  down 
for  1  minute  before  depressing  the 
stop  switch 

4.    operate  the  unit  at  no  load  for  1, 
minute*' prior  to  depressini^  t\i< 
stop  switch  / 

/' 

At  approximately  what  rpm  is  combustion 
initiated? 
.  1.    5,000  rpm  . 
1.    15,000  rpm 

3.  '    35,000  rpm  - 

4.  42,000  rpm 

■    ^.  .  ^ 

Which  of,  the  following     i.itements  con- 
cerning the  operation    >:    the  ignition 
system^  is  correct?" 

1.  A  continuous  spark  ignition  is 
required  during  running  time 

2.  Once  the  engine  is  running  normally, 
the  ignition  system  is  deenerglzed 

3.  The  high-energy  current  source  is 
obtained  by  discharging  a  booster 
coil  into  the  storage  capacitors 

4.  The  high  voltage  required  to  fire 
the  ignition  plug  is  obtained  by 
discharging  the  capacitors  through 
a  stepdown  transformer 
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12-35 •  •  If  during  the  sITfGct 'cycle.. the  turbine 
temperature  exceeds  ti^e  specified 
valu^»  what  action  takes  placie  to  pro- 
tect the  unit? 
.\    1.    The  acceleration  control  thermostat 
bypasses  fuel,  thereby  reducing 
'  pressure  at  th^  fuel  nozzle 

2.  The  fuel  shutoff  solenoid  valve  is         12-39 • 
actuated,  cutting  off  fuel  to  the 

^  engine 

3.  The  ignition  system  is  deenergized, 
cutting  off  the  spark  at  the  12-40. 
ignition  plug 

.  4.    The  starter  motor  relay  is  deener- 
gized,  preventing  the  engine  from 
reaching  the  35  percent  point 

12-36.    The  governor  corrects  an  underspeed 
condition  of  the  turbine  by 

1.  increasing  fuel  bypass  thereby 
decreasing  the  pressure  applied  to 
^the  fuel  nozzle 

2.  increasing  fuel  bypass  thereby 
increasing  the  pressure  applied  to 
the  fuel  nozzle 

3.  restricting  fuel  bypass  thereby  in- 
creasing the  pressure  applied  to 
the  fuel  nozzle 

4.  restricting  fuel  bypass  thereby 
decreasing  the  pressure  applied  to 
the  fuel  nozzle 


Refer  to  table  12-1,  in  your  textbook  In  an- 
swering-items  12-39  through  ^2-41.    Select  from 
column  B  the  most  probable  xause  of  each  trouble 
listed  in  column  A.  / ^  * 


Troubles' 


B.  Causes 


12-41. 


Learning  Objective:    Relative  to 
gas  turbine  compressors,  indicate 
the  activity  responsible  for 
maintenance  performance,  and 
recognize  methods  of  cleaning, 
adjusting,  and  testing  components 
of  the  compressor.  r> 


12-37.    Which  activity  is  responsible  for  per- 
forming the  calendar  maintenance 
requirements  on  GTC  units? 

1.  Thle  usitig  activity 

2.  The  intermediate  maintenance 
activity 

3.  The  nearest  overhaul  activity 

4.  The  local  public  works  department 

12-38.    If  a  GTC  unit  develops  a  malfunction,  f^rj? 
the  best  place  to  obtain  information.  ^ 
concerning  rt^pairs  is  in  the 

1.  Periodic  'Maintenance  Requiremient 
Cards 

2.  Maintenance  Instructions  Manual 
for  the  unit 

3.  Aviation  Support  Equipmentman 
M  3  &  2,  NAVEDTRA  10315^3 

4.  Handbook  of  Operational  Instructions 
for  the  unit 


Excessive  turbine  1. 
temperature  on  starting 


Emission  of  smoke  for 
a  short  time  after 
starting 


Excessive  pil  smoke 
from  the  uni,^  or  tank 
vent  during  operation 


Defective  , 
fuel  pump 
governor 

Fuel  pump 
acceleration 
control 
valve  stuck 

Oil  cooler 
leak 

Leaking,  oil 
pxuap  check  * 
valve 


12-42.  '  The  gas  turbine  engine  analyzer  may  be 
used -for  which^f  the  following  main- 
tenance function^? 

1.  Measuring  exhaust  temperature 

2.  Measuring  dc  and  ac  Voltage 
.  3.    Measuring  turbine  unit  oil  and  fuel 

pressure 

4.    Measuring  exhaust  temperature,  dc 
and  ac  voltage,  and  turbine  unit 
'  oil  and  fuel  p^€3^re 

12-43.    A  re.c>ding  of  2,500  rpm  on  the  tachometer 
of  the  GTC  85  gas  turbine  engine 
analyzer  represents  how  many  rpms  of  the 
gas  turbine  wheel  on  the  unit  being 
'  tested? 

1.  4,000 

2.  9,524 

3.  23,810 

4.  38,096 

12-44.    You  should  always  accomplish  which  of 
phe  following  before  attempirtng^o  use 

gas^turbine  engine'analyzer? 
/1«    Calibrate  the  two  dials  on  the  « 
tachometer  indicator. 
Determine  the  currency  of  the  re- 
quired periodic  calibration  of  the 
analyzing  unit- 

Conduct  resistance  checks  on  the 
.  frequency  meter  and  dc/ac  voltmeters 
Conduct  a  voltage  check  on  the 
.fLequency  meter  -  ^ 

12-45.     ^'^  removing  hard  carbon  deposits  you 
should  use 

1.  fine  sandpaper 

2.  soft  wire  brushes 

3.  light  scraping  tools 

4.  approved  decarbonizing  agents 


12-48 . 


12'-46.    In  replacing  the  accessory  assembly 

main  drive  gear  beai^lng  carrier  seal» 
you  muftt  first  removfe  the 

1.  governor,  cage  and  governor  sleeve 

2. ;    generator  and  the  strews  and 
/  'i  washers 

3'.    fuel  pump  and  fuel  control  unit 
4.    oil  reservoi^r  £^nd  pump 

12-47.    The  fuel  atomizer  assembly  of  a  gas^ 
'      \        turbine  compressor  unit  should  -be  / 
cleaned  by  / 
!•  .  soaking  it  in'  hot,  soapy  wat^r  and 
drying  it  in  free  air 

2.  soaking  it  inflight  oil  and  dryijig 
it  with  compressed  air  . 

.3.     soaking  it  in  solvent  and  drying  it 
/  ~   with  comj^ressed  air 
4.    blowing  fine,  oil-soaked  abrasive  > 
material  thrcu.gh  the  assembly 

When  a  suitable  fuel  pressure  gage  is  * 
Used  to  adjust  the  aci  eleration  limit- 
er  valve,  aftei/  the  engine  unit  speed 
'  levels  oft  the  fuel  pressure  should 
range  between 
1.^    46.0  c-ind  48.6  psi 
^    2.    44.0' and  45.0- psi 

3.  39.0  and  42.0  psi 

4.  35.0  and  38.0  psi 

12-49.    What  is  the  minimum  operating  time  at 
%       ^    no-load  governed  speed  that  miist  be 

permitted  prior  to*  adjusting  the  accel- 
eration stabilizer  and  adjustable 
orifice  ascembly? 
1.    1  second 
'  2.    30  seconds 

3.    1  minute 
4-    15  minutes 

12-50.    The  starter  motor  clutch  should  have  a 
sllp--tprqu.e  between 

1.  90  and  100  inch-pounds 

2.  100  and  110  inch-pounds' 

^         3.     110  and  120  inch-pounds  > 
■  4.-   120  and  130  inch- pounds 


L2-52.    The  act' of  increasing;  the  pj^^sure  and 

temperature  of  a  substance  by  decreasing 
its  volume  is  called 

1.  convection 

2.  compression  '    '  .  ^ 

3.  change  of  state 

4.  condensation 

12-53.    A  three -ton.  air  conditioner  has  the 

■  capacity  of  transferring  heat  at,  a  rate 
of  . 

1.  4,000  Btu  per  hour  . 

2.  5,000  Btu  per  hour 

3.  36,000  Btu  per  hc^ur 

4.  ;P64,000  Btu  per  hour 


Learning  Objective:    Recognize  the 
characteristics  of  a  refrigerant;  . 
compare  advantages  arid  disadvantages 
of  R-12  and  R-22  refrigerant; ' and 
indicate  a  use  for  R-22. 


12-54.    A  refrigerant  has  which  of  the  following 
properties? 

1.  High  boiling  point,  abborbs  and 
carries  heat  at  a  high  temperature,  - 
and  transfers  heat  to  a  cooling 

'  medium  as  it  condenses 

2.  High  boiling  point,  absorbs  ?.nd  ^' 
carries  heat  at  c  low  temperature, 
and  transfers  heat  to  a  cooliag 
medium  as  it  condenses .  < 

3.  Low  boiling  point,  absorbs' and 
carries  heat  at  a  low  temperature, 
and  transfers  heat  to  a  cooling 

>  medium  as  it  condenses 

4.  Low  boiling  point,  absorbs  and 
/        carries  heat  at>a  low  temperature, 

and  retains  heat  after  it  condenses 


12-55. 


12-51. 


Learning  Objective:  Identify 
methods  of  accomplishing  air  con- 
ditioning and  recognize  termi- 
nology relating  to  air 
conditioning. 

The  primary  purpose  of  air  cond^-tionin^ 
in  aircraft  is  to  y\ 

1.  provide -comfort  for  the  crew 

2.  provide  a  margin  of  safety  in  case 
pressuije  suits  lose  their  preosurn 

3.  maintain  electronic  equipment  to 
specified  operating  temperature 

4.  prevent  condensation  in  the  aircrafc 


12-56. 


If  \^iquid  R-12  is  exposed  to  free  air  at 
room  tempe^^ture^nd  pressure,  it  will 

1.  detomppse,  foi^ming  corrosive  and 
poisQnous  products 

2.  immediately  lipil  ' 

3.  llljerate  6xyg6n 

4.  '  explode 


What  is  NOT  a  characteristic  of  R-12? 

1.  At  the  I'ot"  pressure  point  of  its 
cycle,  its  pressure  is  slightly 
above  atmospheric  i 

2.  It  is  ncnexplo^^e,  nonflammable,^ 
and  of  itself,  nontoxic 

3.  It  is  chemically  stable  land  essen- 
tially .iioncbrroj^ive 


It  is  an  azeotropic  refrigerant" 
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* 12-57.    A  disadvantage  common  to  both  R-12  and 
R-22,  which  necessitates  the  use  pf  a 
chemical  drier,  is  their  tendency  to 

1.  chemically  react  with  oxygen  at  high 
.  temperatures  and  pressures  to  form 

chlorine  and'  f lourine  gases  and 
water 

2.  boil  at  temperatures  below  freezing 

3.  absorb  water 

A.     lose  water  through  the  expansion 
valve 

i2-58.    Whait  does  a  comparison  of  R-22  and  R-12 
show? 

nore""waLer  tlian  R-i2  


12-63.  .High-pressure  liquid  refrigerant  is 

*  changed  into  a  low-rpressure.  liquid.  as_  it 
flows  through  the 

1.  heat  exchanger 

2.  liquid  receiver 

3.  thermostatic  expansion  valve 
A.  compressor 

12-6A.    The  cooling  of  an  air-condit;Loned  space 
is  accomplished  by  a  stream  of  air  which 
has  passed  over  the  * 

1.  condenser  coil 

2.  evaporator  coil 

3.  heat  exchanger 

 — ■  4.  -  liquid— receiver  ^ — ^  


2.    R-22  has  a 'lower  boiling  temperature 

than  R-12  12-65. 

3..   R-22  has  a  lower  latent  heat  than 
R-12 

A.    R-22  has  a  higher  boiling  temperature 
.  '    than  Rrl2 


12-59. 


12-60. 


Learning  Objective:    Recognize  the 
processes  that  occur  during  the 
"  refrigeration  cycle  and  indicate 
the  sequence  in  which  they  occur. 


At  what  point  in  a  ref rige.i^ation  system 
is  the  refrigerant  present  as  a  high- 
pressure  gas? 

1.  Input  side  oiE  the  compressor 

2.  Output  side  of  the  compressor 

3.  Output  side  of  the  condenser  coil 
A.    Output  side  of  the  expansion  valve 

'  Refer  to  figure  13-1  in  your  textbook. 
The  pressure  in  the  refrigeration  cycle 
may  be  referred  to  as  suction  pressure 
after  the  refrigerant  passes  through  the 

1.  condenser 

2.  compressor 

3.  liquid  receiver 
A.  evaporator 

In  what  component  of  a  refrigeration 
system  does  the  refrigerant  .start 
changing  from  a  high-pressure  gas  into 
a  high-pressure  liquid? 

1.  Condenser  coils 

2.  Heat  exchanger 

3.  Evaporator  colls 
A .  Compressc^r 

12-62.     In  a  refrigeration  system,  the  liquid 
refrigerant  is  stored  in  the 

1.  condenser  coils 

2.  compreasor 

3.  evaporator  coils 
A.  receiver 


12-61. 


Refer  to  figure  13-1  in  your  textbook. 
Which  of  the  following  is  the  correct 
flow  of  the  refrigerant  in  the  refrig- 
eration cycle?  o 

1.  Evaporator  coil      condenser  coil 

"  '  receiver     heat  exchanger  expansion 
valve      evaporator  coil      heat  ex- 
changer       -  ^ 

2.  Compressor      evaporator  coil  heat 
exchanger      receiver      heat  ek- 
changer      expansion  coil  condenser 
coil 

3.  CompresBor      condenser  coil  re- 
ceiver     heat  exchanger      expansion  • 
valve      evaporator  coil  heat 
exchanger 

A.    Receiver      heat  exchanger. expansion 
valve      condenser  coil  compressor 
heat  exchanger      evaporator  coil 
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Assignment13 

Air  Conditioners  and  Preservation 
Text:    Pages  371  -  411 


Learning  Objective:    Recognize  the 
processes  that  occur  during  the 
refrigeration  cycle  and  indicate 
the  sequence  in  which  they  occur. 


0     Refer  to  figure  IJ"^  °^  your  textbook  in 
answering  items  13-1  through  13-5. 

13-1.     Heat  is  dissipated  at  the  condenser  coils 

by  I 

1.  a  water  vat  that  surrounds  the  coils 

2.  air  tha't  flows  freely  around  the  coil 
fins 

3.  air  that  is  forced  through  the  coil 
firis 

4.  a  water  jet  that  is  directed  onto  the 
coils 

13-2.    The  refrigerant  becomes  low-pressureT" 
liquid  after  passing  through  jthe 

1.  compressor  ^ 

2.  expansion  valve 

3.  liquid  receiver  I 

4.  evaporator  coils 

13-3.     Cooling  of  the  area  around  the  evaporator 
coil  occurs  as  a  result  of  \ 

1.  liquid  refrigerant  changing  to  vapor 

2.  gaseous  refrigerant  changing  to  liquid 

3.  high-pressure  liquid  passing ^through 
the  heat  exchanger  \ 

4.  low-pressure  gas  being  compr^essed  into 
high-pressure  gas  ■ 

\ 

13-4.     The  suction  line  of  the  system  is\the  line 
by  which 

1.  cold  liquid  enters  the  compressor 

2.  hot,  low-pressure  vapor  enters  the 
compressor 

3.  hot,  high-pressure  vapor  enters  the 
compressor 

4.  hot,  high-pressure  vapor  leaves  the 
compressor  , 


13-5.    The  basic  refrigeration  cycle  is  considered 
to  occur  in  which  of  the  following 
sequences?  / 

1.  Condensation,  liquid  receiving,  evapo- 
ration, and  compression 

2.  Compression,  expansion j  evaporation, 
and  condensation 

3.  Compression,  condeniatlon,  expansion, 
and  evaporation 

4.  Condensation,  expansion,  evaporation, 
and  compression 


Learning  Objective:.   Clasc^ify  the 
types  of  compressors,  distinguish 
design  features  of  the  reciprocat- 
ing compressor,  and  indicate  the 
function  of  the  compressor  and 
condenser. 


13-6.  Compressors  are  classified  according  to 
types.  Examples  of  this  classification 
include  which  type(s)? 

1.  Reciprocating  only 

2.  Rptary  "only 

3.  Centrifugal  only 

4.  Reciprocating,  rotary,  and  centrifugal 

13-7.    The  reciprocating  semihermetic  compressor 
differs  from  the  open-type  compressor  in 
that  the  hermetic  compressor 

1.  maintains  a  larger  volume  of  refriger- 
ant flow 

2.  is  driven  by  either  a  V-belt,  a  flexi- 
ble coupling,  or  gears 

3.  is  gasoline  powered 

4.  maintains  a  smaller  volume  of  refrig- 
erant flow 

13-8.    Hermetic^'ypo  compressors,  as  used  on  • 
refrigerators  and  freezers,  can  be 
serv'iced  by 

1.  field  shops  only 

2.  the  overhaul  shops  only 

3.  the  manufacturer  only 
.  4 .     the  operator 
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iS-9.    Refer  to  figure  13-1.    What  causes  the 
high-pressure  gas  on  the  discharge  side 
\^  of  the  compressor  to  become  liquid  before 
Nreaching  the  liquid  receiver? 
■         Pressure  increase  by  the  compressor 
2I    Heat  dissipation  by  the  condenser 

3.  Heat  absorption  by  the  refrigerant 

4.  Pressure  decrease  in  the  evaporator 

13-10.  Which  of  the  following  is  an  air-cooled 
condenser? 

1.  Coil-and-f in 

2.  Shell-and-coil 
3-  Shell-and-tube 

"4.    Uouble-tube  ~  .— — ~ 


13-15.    Refer  to  figure  13-10  in  your  textbook. 

What  type  of  energy  initiates  the  action 
which  causes  the  needle  valve  to  open? 

1.  Hydraulic 

2.  Heat 

3.  Mechanical         •  . 

4.  Pneumatic 


Learning  Objective:  Recognize 
accessory  components  and  indicate 
their  purposes,  opeiartn^rinci— 
pies,  and/or  locations  in  an  air- 
-trcmditioning  systei5l|j  —  - 


Learning  Objective:    Relative  to  an 
air-conditioning  system,  indicate 
maintenance  and  operating  principles. 


13-16. 


13-11.  When  an  air  conditioner  is  pumped  down 

for  maintenance  purposes,  the-^^f rigerant 
receiver  can  entrap  a  volume  of  r-efriger- 
ant  equal  to 

1.  one-third  the  normal  charge  13-17. 

2.  one-half  the  normal  charge 

3.  two- thirds  the  normal  charge 
the  normal  charge 

13-12.  The  type  of  metering  device  used  on  mobile 
air  conditioners  is  a/an 

1.  manual  expansion  valve 

2.  automatic  expansion  valve  13-18. 

3.  capillary  C%be 

4.  thermostatic  expansion  valve 

13-13.  What  is  the  function  of  an  expansion  valve 
in  a  refrigeration  system? 

1.  It  changes  high-pressure  liquid 
refrigerant  to  low-pressure  vapor 

2.  It  changes  low-pressure  liquid  13-19. 
refrigerant  to  high-pressure  liquid 
refrigerant 

3.  It  changes  high-pressure  refrigerant 
vapor  to  low-pressure  refrigerant 
vapor 

-   4.     It  changes  high-pressure  liquid 

refrigerant  to  low-pressure  saturated 
vapor 

13-14.  In  addition   .0  its  function  as  a  cc  di- 
stricting device,  the  pressure  expansion 
valve  functions  to 

1.  prevent  the  high-pressure  liquid  13-20. 
refrigerant  from  reversing  direction 

2.  convert  the  hot  liquid  refrigerant  to 
^              a  cold  gas 

3.  convert  the  refrigerant  gas  to  a 
liquid  state 

4.  prevent  flooding  the  low-pre"sure 
side  of  the  system 


Refer  to  figure  13-15.    '^y  is  the  plunger  [ 
back-seated  prior  to  removal  of  the  gage 
port  plug  from  the  service  valve? 

1.  To  block  the  compressor  output  line 

2.  To  prevent  loss  of  refrigerant 

3.  To  reduce  pressure  in  the  gas  lines 
to  zero 

4.  To  prevent  passage  of  refrigerant 
from  one  gas  line  to  the  other 

What  does  a  cloudy  or  milky  appearance  of 

-  the  refrigerant  in  the  sight  glass  indi- 
cate? 

1.  Insufficient  refrigierant 

2.  Hot  refrigerant 

-  3-    Too-high  pressure 
4.  '  Moisture  in  the  system  - 

In  a  refrigeration  system,  where  Is  the 
king  valve  located? 

1.  On  the  intake  side  of  the  receiver 

2.  On  the  output  side  of  the  receiver 

3.  On  the  intake  side  of  the  evaporator 

4.  On  the  discharge  side  of  the  evapora- 
tor 

The  function  of  the  heat  exchanger  in  a 
refrigeration  system  is  to 

1.  increase  high-side  pressure  to  prevent 
backup  of  refrigerant  in  the  compres- 
sor 

2.  transfer  heat  from  the  vaporized 
refrigerant  that  is  leaving  the 
evaporator 

3.  transfer  heat  from  the  liquid  refrig- 
^         erant  that  is  leaving  the  receiver 

4.  boil  the  liquid  refrigerant  in  the 
condenser 


Where  is  the  drier  strainer  located  in  an 
air-conditioning  system? 

1.  .  Between  the  heat  exchanger  and  com- 

pressor 

2.  Between  the  compressor  and  condenser 

3.  Between  the  condenser  and  liquid 
receiver 

4.  Between  tht2  liquiJ  receiver  and  eva- 
porator 
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13-21.    Where  should  the  capillary  tube  bulb  of 
^a  thermostat  used  on  a  mobile  air  condi- 
tioner be  located? 
1.     It^  the  cool-air  outlet  duct 
2^.    Well  away  from  any  air-flow  area 
3;    Immediately  downstream  of  the  evapo- 

\    rator  coil 
4.\    Where'it  is  subjected  to  average  con- 
ditions of  the  cooled  space 

13-22.    Th^  fusible  plug  provides  system  protec- 
tion against  rupture  or  explosion  due  to 


13-27.    Refer  to  figure  13-22.    The  correct 
sequence  for  electrical  operation  in 
the  cooling  mode  is 
.  1.    selector  switch  on,  Rl  closed.  Ml 
and  M2  energized,  pressure  switches 
HP  and  LP,  R3,  R4,  and  R5. actuated 

2.  selector  switch  on,  Rl  closed,  pres- 
sure switches  HP  and  LP,  R3,  R4,  and 
R5  actuated.  Ml  and  M2  coils  energized 

3.  selector  switch  on,  Rl  open,  pressure 
.-'    switches  HP  and  LP  closed,  R3,  R4,  and 

R5  deenergized.  Ml  and  M2  coils 


 excessive  heat  by^  

1.  stopping  the  compressor 

2.  ^releasing  the  system  pressure 

3.  blocking  refrigerant  flow 

4.  causing  continuous  compressor  opera- 
tion 

13-23.    Wliat  does  the  control  shown  in  figure 
13-17  protect  the  system  against? 

1 .  Improper  temper  a  tur  e 

2.  Extremes  of  external  pressures 

3.  Too-high  or  too-low  humidity  condi- 
tions 

4.  Too-high  or  too-low  internal  pres- 
sures 


Learning  Objective:    With  respect  to 
the  NR-5C  mobile  air  conditioner, 
indicate  its  purpose,  operating  prin- 
ciples djf  its  components,  probable 
malfunctions,  and  precautions  you 
should  olDserve  wh-  a  servicing  the 
air  conditioner. 

 1^  

13-24.    What  is  the  power  requirement  for^the 
NR-5C  air^,  conditioner  to  operate  the 
compressor  motor,  fan  motor,  and  con- 
trol circuits? 

1.  440  vdc,  3-phase,  and    60  Hz 

2.  440  vac,  3-phase,  and    60  Hz 

3.  480  vdc,  4-phase,  and  400  Hz 

4.  480  vac,  4-phase,  and  400  Hz 

13-25.     In  the  cooliug  mode  of  operation,  the 
NR-5C  air  conditioner  has  a  cooling 
capacity  of 

1.  22  tons 

2.  24  tons 

3.  30  tons 

4.  40  tons; 

13-26.    The  condenser  fan  will  cutout  when  the 
head  pressure  drops  below 

1.  140  psi 

2.  145  psi  . 

3.  150  psi  ' 
,4.     155  psi 


 :  energized  

4.    selector  switch  on,  Rl  open,  pressure 
switches  HP  and  LP  closed,  R3  and  R4 
deenergized,  R5  energized.  Ml  and  M2 
coils  energfized 

13-28.    The  moisture  content  of  the  air  being 

conditioned  is  lowered  as  the  air  flows 
through  the 

1.  condenser  coils 

2.  chemical  driers 

3.  aftercool  evaporator 

4.  precool  evaporator 

13-29.    The  air  delivered  to  the  conditioned 
space  in  the  dehumidif ication  mode  is 
approximately 

1.  30*  F 

2.  60**  F 

3.  90**  F 

4.  120**  F 


In  items  13-30  through  13-33,  select  from  column  B 
the  possible  cause  of  each  abnormal  condition 
listed  in  column  A. 


A.    Abnormal  Conditions 

13-30.    Compressor  fails  to 
start 

13-31."   Suction  pressure  less 
than  40  psi 

13-32.     Suction  pressure  higher 
than  normal 

13-33.     Condenser  fan  will  not 
run 


B.  Cause 

1.  Air  filter 
dirty 

2.  Hot  gas 
bypass 
valve  set 
too  high 

3.  High-  or 
low- 
pressure 
cutout 
tripped 

4 .  Pressure 
switch 
open 
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13-34. 


Learning  Objf<  -.i  ft:     With  respect 
to  the  NR-10  av.  coiiditioner , 
indicate  Its  p.^ti  jei  operating 
principles  of  its  cot&ponents,  and 
probable  malfunctions. 


Which  type  of  compressor  Is  used  in  the 
NR-10  refrigeration  system? 

1.  Closed-type,  six  cylinder 

2.  Open-type,  six  cylinder 


In  items  1?-Al  through  13-44,  select  from  column  B 
the  component  that  performs  each  function  listed  ^ 
in  column  A, 


A.  Functions 

13-41.    Meters  refrigerant  to  the 
evaporator  coil 

13-42.    Control  .the  condensation 
of  gaseous  refrigerant 


B.  Components. 


Evaporator 
coil 

Damper 
operators 


13-35. 


13-36. 


13-37. 


13-38. 


13-39, 


13-40. 


"3";  Closed-type,  four  cylinder 
4.    Open-type,  two  cylinder 


13-43.     Returns  to  the,  compressor  3..  Expansion 


as  a  low-pressure  gas 
through  this  component 


valves 


What  Is  the  heat  exchange  medium  used  in 
the  NR-10  air  conditioner? 

1.  R-11 

2.  R-12 

3.  R-22 

4.  R-500 

The  condensing  air-flow  across  the  con- 
denser is  provided  by  a 

1.  belt-driven,  centrifugal  fan 

2.  gear-driven,  centrifugal  fan 

3.  gear-driven,  axial  fan 
4-    belt-driven,  axial  fan 

What  type  of  reheat  coil  is  utilized  by 
the  NR-10? 
1.  Gas-to-air 
r2.  Liquid-to-air 

3.  Air-to-air 

4.  Electrical-to-air 

The  NR-10  air  conditioner  is  composed  of 
how  many  major  systems? 

1.  Two 

2.  Three 

3.  Four 

4.  Five 

The  water  solenoid  valve  will  open  to 
allow  maximum  flow  during  the 

1.  cooling  mode 

2.  dehumidif ication  mode 

3.  vent  mode 

4.  engine  starting 

The  solenoid  dump  valve  and  pressure 
switch  will  energize  to  prevent  surging 
when  conditioned  air  being  delivered 
from  the  air  conditioner  is  between 

1.  10  to  50  pounds  per  minute  ^ 

2.  20  to  60  poufids  per  minute 
30  to  70  pounds  per  minute 
40  to  80  pounds  per  minute 


13-44. 


Cooled  by  low-pressure 
refrigerant  gas  from  this 
component 


Pressure 

regulator 

valve 
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^     Items  13-45  through  13-51  refer\to  table 
•  13-2. 

13-45.    The' compressor  starting  with  the  selector 

switch  in  the  VENT  position  is  the  result  ' 
of  a  faulty  ^ 

1.  oil  pressure  cutout  switch 

2.  pumpdown  relay 

3.  hot  gas  bypass  solenoid  valve 

4 .  compressor 

13-46.     If  the  compressor  fails  to  start;  the 
failure  could  be  in  the 

1.  damper  operators 

2.  quench  line  solenoid  valve 

3.  high/low  pressure  switch 
4-  filters 

13-47.     The  discharge  pressure  gage  indicates  less 
than  168  psi.    Which  of  the  following 
should  be  done  to  correct  this  malfunction? 

1.  Leak  test  refrigerant  system  and  add. 
refrigerant 

2.  Set  diese.l  engine  to  correct  rpm 

3.  Replace  the.. high/low  pressure  switch 

4.  Leak  test  refrigerant  system  and 
bleed-off  refrigerant^ 

13-48.    What  could  be  the  cause  of  the  evaporator 
pressure  gage  indicating  less  than  55  psi? 

1.  Shutoff.  valve  closed 

2.  Overcharge  of  refrigerant 

3.  Defective  cooling  solenoid  valve 

4.  Dirty  filter  or  obstruction  at  filter 
guard 

13-49.    When  the  suction  pressure  gage  indicates 
less  than  40  psi,  the  fault  could  be  in 
the 

1.  shunoff  vaJve  being  closed 

2.  hot  gas  prci5sure  regulator  defective 
or  out  of  adjustment 

3.  low  oil  pressure 

4.  pumpdown  relay 
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13-50.     If  the  compressor  shuts  down  when  in  the 
COOL  or  DEHUM  modes,  the  possible  cause 
. ould  be  the  result  of 

1.  low  refrigerant  charge 

2.  low  suction  pressure 

3.  high  oil  pressure 

4.  high  suction' pressure  ' 

13-51.  .  A  defective  high/low  pressure  cutout 
switch  could  cause  the  compressjor  to 

1.  keep  on  running 

2.  start  in  the  VENT  selection 

3.  increase  discharge  pressure  to  168 
psi 

  -4^-  decrease -discharge- pressur e-oy-er-168.- 

psi 

13-52.    The  '*burn"  caused  by  liquid  refrigerant 
contacting  the  skin  should  be  treated  as 

1.  frostbite  or  frozlen  skin 

2.  a  first  degree  burn 

3.  a  second  degree  burn 

4.  a  third  degree  burn 


In  items  13-55  through  13-57,  select  from  column  B 
the  classification  of  preservation  used  for  each 
purpose  listed  in  column  A. 

A.    Purposes  B.  Types 

13-55.     To  protect  engines  inoperable      1.    Type  1 
due  to  missing  parts  or  acces- 
sories, lack  of  test  stand  2.    Type  2 
facilities,  or  internal 

failure  3.-  Type  3 

13-56.    Openings  may  be  closed  by  dust    4.    Type  4 
excluders  or  plugs 


13-57.    Gas  turbines  in  non-dehydrated 
status  require  rotation  with 
the  starter  or  an  external 
device  at  least  once  every  30 
days 


Learning  Objective:     Recognize  how 
corrosion  of  ground  support  equip- 
ment can  be  prevented,  and  different 
classifications  of  preservation  for 
the  preservation  of  gas  turbine 
engines. 


Learning  Objective:    Recognize  the 
factor  that  determines  the  preser- 
vative material  used  and  the  pur- 
poses and  disadvantages  of  the 
different  grades  of  paralketone. 


13-53.     Effective  corrosion  prevention  is 

aichieved  only  if  the  treated  surface 
is  free  of 

1.  dirt  only 

2.  moisture  only 

3.  active  corrosion  only 

4.  dirt,  moisture,  and  active  corrosion 

13-54.     The  type  of  preservative  material  used  on 
ground  support  equipment  that  is  not 
being  used  regularly  depends  upon  the 

1.  composition  of  the  equipment 

2.  availability  of  the  preservative 

3.  anticipated  period  of  idleness 

4.  purpose  for  which  the ' equipment  is 
used 


.In  items  13-58  through  13-60,  select  from  column  B 
the  grade  of  paralketone  that  possesses  each 
disadvantage  listed  in  column  A.  — :. 


A.  Disadvantages 

13-58.,    It  is  easily  removed  by  ^ 
water  spray 

13-59.     It  is  difficult  to  remove 
when  old 

13-60.     It  may  be  removed  by 
inadvertent  wiping 


B.  Grades 

1.  Grade  1 

2.  Grade  2 

3.  Grade  3 
U,  Grade  4 


Learning  Objective:     Indicate  the 
characterisitics  of  corrosion- 
prevention  petroleum  and  packaging 
and  barrier  materials,  and  the 
correct  uses  of  covers  and  shrouds. 
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13-61, 


Which  of  the  following  statements  is 
correct 'regarding  the  temperatures  for 
application  of  class  3  corrosion- 
preventive  petroleum? 

1.  It  may  be  between  ISO""  and  200^  F 
for  either  brushing  or  dipping 

2.  It  must  be  between  60""  and  120""  F 
for  brushing  and  between  170**  and 
200''  F  for  dipping 

3.  It  may  be  applied  at  any  ambient 
temperature  so  long  as  the  treated 
surface  is  also  al.  that  ambient 
temperature 

A.  '  It  must  be  between  60^  and  .■  2C  '  F 
:iILf  or~brushing^nd-betwo,r'.n ,  150---and  ._ 
180''  F  for  dipping 


13-66.     In  the  use  of  tailored  dust  and  protec- 
tive covers  on  ground  support  equipment, 
it  would  be  untrue  to  say  that. the  covers 

1.  may  form  a  "bathtub"  and  trap  water 
if  improperly  installed 

2.  may  create' a  greenhouse  effect  in  ^  , 
warm  weather  causing  water  vapot  to 
condense  on  the  equi^pment  underneath 

3.  should  be  loosened  or  removed  and 
the  equipment  ventilated  in  fair 
weather 

4.  should  always  remain  on  when  equip- 
'                  ment  is  not  in  use 


In-items  13-62  through  13-65,  select  from  column 
B  the  packaging  and  barrier  mat-irial*  that 
possesses  each  characteristic  listed  in  column  A. 


A.  Characteristics 


B.  Materials 


13-62.     Requires  special  equip- 
ment for  sealing 

13-63.    Has  moderate  water- 
vapor  resistance 

13-64.     Preferred  as  shrouding 
because  it  res^'^'  j 
tears  and  punci.  • 

13-65.     Pulls  loose  wh 

exposed  to  hi)',  i  in'ii.i  .  -v 


1. 
2. 

3. 


y^tal  foil 

Polyethylene 
plastic  film 

Polyethylene 
coated  cloth 

Tape,  Fed. 
Sp  .  .  PPP-T- 
6,  Type  1, 
Class  1 
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Assignment  14 

Preservation  and  Envli;  r?  <:^atal  Pollution  Control 


Text:    Pages  412  - 


Learning  Ob-^ectxve;     Identify  the 
ASM*s  respori3j.bi3,lties  relative 
to  paintxi  g  g  'vvjnd  support  equip- 
ment, and  the  materials  he  must 
use  in  f>Tapi.r-.i-2  a  surface-  for 
paint in/ . 


14-5.    The  amount  of  cleaning  required  after 

depreseryation  of  an  item  of  ground  support 
equipment  should  be  determined  on  the  basis 

of  .  ' 

1.  inspection  only 

2.  evaluation  only 

3.  equipment  status  only 

4.  inspection,  evaluation,  and  equipment 
status 


14-1.    With  referi:nce  'jr*  ;^aj:ir''r-;  responsibil- 
ities, an  *'  "f  *jiay  Hi  •ma''  j.y  be  expected  to 

1.  carry  out  pal..'.     ;  projects 

2.  perform  paint  tM'-rn;'  jobs  only 
3..  prepare  Purfac'.o  In.  painting  only 

4.    perform  palTit  j.oucnup  jobs  and  prepare 
surfaces  for  :.;r.nting 


Items  14-2  t^riiugh  14-4  leifer  to  preparing  a^sur- 
face  for      torlr i .     Select  from  column  B  the  mate- 
rial to  b    \iiipd  \or  each  function  listed  in  column 
A.  J 

Aj  Functions  B.  Materials 

14-2.     To  prevent  excessive  paint    1.  Pumice 

buildup  in  areas  adjacent  slurry  in 

to  the  treated  area  water 


14-6.     Refer  to  table  14-1  in  your  textbook. 

Removal  of  all  but  which  of  the  following 
preservants  can  be  accomplished  with  dry- 
cleaning  solvent  P-D-680  or  mineral  spirits 
,  TT-T-291? 

1.  Soft  film  compound 

2.  Plastic  protective  coating 

3.  General  purpose  lubricating  oil 

4.  Corrosion  preventive  fingerprint 
remover 


Learning  Objective:     Identify  the 
greatest  threat  to  the  structural 
integrity  of  ground  support  equip- 
ment, objectives  of  every  raplnte- 
nance  training  program,  and  '■.yjses 
of  corrosion  and, the  most  practical 
means  of  deterring  it. 


14-: 


14-4. 


T<;  remove  the  glossy  finish  2. 
the  area  to  be  treated 

3. 

To  remove  abrasive  resi- 
dues ; rom  the  area  to  be 

tre^S'  n  4. 


Fresh  water 

Masking 
paper 

Mineral 
jDirltfL. 


14-7.     Structural  integrity  of  existing  ground 

support  equipment  is  threatened  principally-, 
by 

1.  high  strength  demands  upon  the  metd 

2.  the  close  tolerances  of  safety  demanded 
in.  -the  -  u  arts   


3. 
4. 


the  composition  of  the  metal  parts 
metal  corrosion 


Learning  Objective:  Recognize 
reasons  for  depreserving  ground 
support  equipment  and  procedures 
and  materials  used. 


14-8.    Which  of  the  following  should  NOT  be 

included  among  the .objectives  of  every 
maintenance  training  program? 

1.  -  Developing^thc  skills  required  to  cope 

with  the  problems  of  corrosion 

2.  Being  able  to  recognize  the  various 
types  of  corros^  '  •  ^Z^^" 

3.  Understanding  th-.  dangers  of  corrosion 

4.  Use  of  CO2  to  prevent  corrosion 
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14-9.    Salt  water  causes  electrochemical  corro- 
sion because  it  furnisheB  both  a  .corrosive 
agent  and  a/an         '  ' 

1.  chemical  catalyst   '  . 

2.  electrical  conductive  path 

3.  chemical  neutralizer 

4.  path  of  decay 

li»-10.  Refer  to  figure  14-l.in  your  textbook. 

Which  of  the  following  statements  is  cor- 
♦  rect  concerning  the  flow  of  electrons 
within  a  metal  during  an  electrochemical 

—  


14-13,    Corrosion  on  a  structure  fabricated  from 

which  of  the  metals  listed  requires  prompt 
attention  because  it  can  penetrate  the. 
metal  in  a  very  short  time?- 

1.  G 

2.  F 

3.  D  . 

4.  B 

14-14.    Wliich  of  the  metals  listed  is  generally 
corrosion  resistant? 

1.  H  '  • 

2.  F  


2. 


'4. 


Electrons  flow  from  the  anodic  area  to 
the  cathodic  area,  resulting  in  dete- 
rioration of  the  latter 
Electrons  flow  from  the  cathodic  area 
to  the  anodic  area,  resulting^in  dete- 
rioration of  the  latter 
Electrons  flow  from  the  anodic  area 
to  the  cathodic  area,  resulting  in 
deterioration  of  the  former 
Electrons  flow  from  the  cathodic  area 
to  the  anodic  area,  resulting  in^dete— 
rioration  of  the  former 


3. 
4. 


B 
A 


14-11.  The  most  practical  positive  means  of 
deterring  corrosion  is  by 

1.  preventive  maintenance 

2.  keeping  equipment  subject  to  corrosion 
away  from  a  corrosive . environment 

3.  educating  all  hands  to  be  able  to 
recognize  the  different  forms  of 
corrosion 

4.  ensuring  that  no  dissimilar  metals  are 
used  in  the  construction  of  any  equip- 
ment subject  to  a  corrosive  environ- 
ment 


Learning  Objective:     Indicate  typi- 
cal corrosion  characteristics  of 
various  common  metals. 


14-15. 


it 


Which  of  -the  metals  listed  protects  by 
being;  intentionally  consumed  when  used  as 
a  coating  to  protect  the  part  to  which 
is  applied? 

1.  F 

2.  D 

3.  C  _  _  

-4^ — B-  


14-16.  Which  of  the  metals  listed  actually  forma 
a  physical  noncorrosiye  barrier  over  the  . 
part  to  which  it  is  applied? 

1.  H 

2.  G 

3.  D 

4.  C 


Learning  Objective:     Identify  the 
basis  for  effective  prevention  of 
corrosion  of  ground  support  equip- 
ment, and  recognize  the  types, 
characteristics,  uses,  methods  of 
application,  '^nd  precautions  appli- 
cable to  the  various  materials  and 
methods  used  to  prevent  and  remove 
corrosion. 


^    Items  14-12  through  14-16  refer  to  «the 
•    following  metals  used  in  aircraft  support 
equipment  construction: 

A.  Copper 

B .  Chromium 

' — CT^^  AlauiXiTam  

D.  Nickel 

E.  Iron  and  Steel 

F.  Cadmium 

G.  Magnesium 

H.  Zinc 

14-12.  The  most  easily  recognized  type  of  metal 
corrosion  occurs  on 

1.  A 

2.  C    _    .    -  -   - 

--.^    -     3.  E 

4.  G 


14-17.    Hazards  associated  with  the  use  of  sol- 
vents for  cleaning  ground  support  equip- 
ment do  NOT  include  the 

1.  ever-present  danger  that  they  might 
ignite  or  explode 

2.  damaging  effect  they  may  have  on  the 
material  being  cleaned 

3.  toxic  effect  they  may  have  on  the 
user  if  he  breathes  their  vapors 
for  a  prolonged  period  of  time 

4.  damage  to  the  wash  pit 

14-18.    Which  of  the  following  solvents  is  used 

in  naval  aviation  as  f  general  all-purpose^ 
cleaner  for  me,tala^--painted"8urfaces~,"and 
fabrics?  " 

1.  Safety  Solvent 

2.  Mineral  spirits 

3.  Stoddard  Solvent 

4.  Methyl  ethyl  ketone 
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In  Items  14-19  through  14-21,  select  from  column 
B  the  solvent  used  for  each  purpose  listed  in 
column  A,   


A.  Purposes 


B,  Solvents 


14-19.    To  clean  acrylics         1.    Methyl  chloro- , 

form 

14-20.    To  clean  primer  coats  . 

before  applying  lac-  2.  Aromatic  naph- 
quer  tha 


14-21,.    To  remove  grease 


from  and  to  clea;^ 
engine  components 


3.    Methyl  ethyl 


ketone 

4.    Aliphatic  naph- 
tha 


14-22.  M1L-C-15074B  designates  a  solvent  that  is 
  uTed"!:© 

1.  raraove  spots  o^  lacquer  or  primer 
deposits 

2.  remove  fresh  fingerprints  from  a  sur- 
face " 

3.  clean  bare  metal  surfaces 

A.     clean  oil  and  grease  from  heavily 
soiled  painted  surfaces 

14-23.     For  best  results,  how  should  cleaning 
compound^  solvent,  gr;:o3e  emulsifying^ 
type  I  be"  applied  to  a  surface? 

1.  By  wiping 

2.  By  brushing 

3.  By  dipping,  followed  by  wiping 

4.  By  spraying,  followed  by  brushing 


14-28.    If  an  aircraft  must  undergo  heavy  diity 

cleaning  when  the  ambient  temperature  is 
15*  F,  what  cleaning  agent  should  be  used? 

1.  Stoddard  Solvent 

2.  Pumice 

3.  Cleaning  compound,* waterless 

4.  Cleaning  compound,  water  emulsion 

14-29.     General  abresive  cleaning  of  aluminum 
surfaces  should  be  accomplished  with 

1 .  aluminum  wool 

2,  aluminum  oxide  paper '»>^ 

 3.     carborundum  paper  


4.     lacquer  rubbing  compound,  type  III 

14-30.    What  should  be  used  to  clean  minor  oxida- 
tion from  a  surface?  ' 

1.  Silicon  carbide  paper 

2.  Lacquer  rubbing  compound,  type  III 

3.  Powdered  pumice 

4 .  Aluminum  oxide  paper 

14-31.    Bicarbonate  of  soda  is  a  very  valuable 
compound  because  it  can  be  used  to 

1.  clean  tarnished  silver  contacts  only 

2.  '    neutralize  acid  deposits  only 

3.  clean  battery  holders  only 

4.  clean  tarnished  silver  contacts,  neu- 
tralize acid,  deposits,  and  clean 
battery  holders 


In  items  14-32  through  14-34,  select  from  column 
B  the  cleaning  method  that  is  used  for  each  oper- 
ation listed  in  column '*A. 


14-214.     Cleaning  compound,  solvent,  grease  emul- 
sifying type  II  differs  from  the  other 
emulsion  cleaners  in  that  it  contains 

1.  carbolic  acid 

2.  Stoddard  Solvent  i 

3.  soap  and  water 

4.  nitric  acid 


Items  14-25  through  14-27  refer  to  emulsifying 
cleaners.     Select  from  column  B  the  cleaner  that 
is  used  for  each  f unction^isted  in  column  A. 


A.  Functions 

14-25.     To  remove  chalk- 
ing eppxy  sur- 
faces 

14-26.     To  remove  paral- 
ketones  from 
surfaces 

14-27.  To  remove  oiimos- 
pheric  fi'.m  from 
surfaces 


B.  Cleaners 


A.  •  Operations 

14-32.    To  remove  a  majority 
of  soils  with  a  mini- 
mum of  manhours  expended 

1^-33.    To  remove  oil  and  grease 
chat  cannot  be  easily 
removed  by  other  methods 

14-34.  To  clean  areas  lightly 
contaminated  with  dirt 
and  grease 


1.  Cleaning  compound, 
solvent,  grease 
emulsifying,  type  I» 

2.  Cleaning  compound, 
solvent,  grease 
emulsifying,  type  II 

3.  Cleaning  compound, 
water  emulsion 

4.  Cleaning  coumpound, 
solvent,  p.rease 
emulsifying,  type 
IIT 
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B.  Methods 

1.    Water  wash 
"cleaning 

Emulsion 
cleaning 

Steam  clean- 
ing 

Powered  buf- 
fing 


14-35.     Inasmuch  as  cleaning  operations  can  cause 
a  buildup  of  static  electricity,  the 
equipment  being  cleaned  should 

1.  be  grounded 

2.  be  rinced  with  clean  water 

3.  not  be  cleaned  with' steel  wool 

4.  not  be  cleaned  with  flammable  fluid 
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X4-36.    The  temperature  of  a  metal  surface  shou:C 
be  uboye  the  devpolnt  of  the  ambient 
atmosphere  when  preservatives  are 
applied,  otherwise  condensation  of  mois- 
ture on  the  surface  may  occur  and 
1.    prevent  the  formation  of  a  uniformly 
■V,  thick  coating  of  preservative 

)  -         2".    cause  corrosion  under  the  preserve-  ' 
^   .       .  tlve 

3.  prevent  even  drying  of  «'the  surface 
of  the  preservative 

4.  retaird  bonding  of  the  preservative  to 
 the  !  lurf  ac£  


14-43. 


„v._  14 z3 7 .  y  For  which  P f ,  t he  f  ol lowln g  pury ^ s e s  ^ r e 
J  '     lubricants  used? 

V  1.     To  dissipate  heat  only  - - 

2.  To. reduce  friction  only 

3.  To  prevent  corrosion  only 

4.  To  dissipate  heat»  reduce  friction, 
and  prevent  corrosion 

14-38.    Which  of  the  following  should  be  con- 
sidered when  selecting  a  lubricant  to  be 
used  as  a  preservative  on  an  Item  that  Is 
to  be  stored  temporarily? 
1..    The  time  required  to  reactivate  the 
5  Item 

2.  The  ability  of  the  preservative  to 
withstand  high  pressures 

3.  The  reduction  of  friction  between 
moving  parts 

4.  The  viscosity  of  the  ivibrlcant 


LearAng  Objective:  Identify 
methods  of  protecting  various 
metals  from  corrosion  and  of 
removing  corrosion  from  selected 
metals,  Including  the  definition 
of  corrosion  damage  limits. 


Aluminum  alloy  coated  with  a  thin  sheet 
of  pure  aluminum  is' said  to  be 

1.  _anodij5edj  

2.  clad    •     ~   .  :  .         "  - 

3.  exfoliated 


14-44. 


14-45. 


In  items  14-39  through  14-42,  select  from  column 
B  the  lubricant  to  be  used  for  each  purpose 
listed  in  column  A. 


14-46. 


A.  Purposes 


B.~'  Lubricants 


14-39, 


For  preserving  equipment  1.  MIL-H-5606A 
for  30  days  or  more 


14-40.    For  displacing  water  in 
external  piano-type 
hinges 

14-41.     For  general  purpose  lub- 
rication where  low  vis- 
cosity is  required 

14-42.    For  flushing  hydraulic 
parts  and  components 
prior  to  their  being 
forwarded  for  repair 


2.  MIL-L-7870 

3.  MIL-L-3150 

4.  MIL-H-6083 


14-47. 


4.  extruded 

Aluminum  alloys  that  have  a  chemically 
produced  film  of  aluminum  oxide  ad* a  pro- 
tective measure  on  their  surfaces  are 
said  tcr*  be  - 

1.  anodlzed 

2.  clad 

3.  exfoliated  '  - 

4.  extruded 

Which  of  the  following  statements  appli- 
cable to  the  removal  of  corrosion  from 
an  anodlzed  aluminum  surface  is  correct? 

1.  Steel  wool  or  steel  brushes  may  be 
used  to  remove  the  corrosion 

2.  Chromic  acid  should  be  used  to  remove 
the  protective  coating  adjacent  to 
the'^corroded  area 

3.,  Buffing  is  the  first  stjep  in  removing 

the  corrosion 
4.     Fiber  bristle  brushes  may.be  used  to 

remove  the  corrosion 

What  operation  may  be  performed  in  the 
field  when  removing  corrosion  from  stain- 
less steel? 

1.  Removing  of  heat  scales 

2.  Blasting  at  60  psl  with  100-mesh 
garnet 

3.  Wire  brushing 

4.  Light  blasting  at  40  psi  with  lOCV 
mesh  garnet 

The  term  referring  to  the  amount  of  metal 
which  may  be  removed  from  a  corroded  part 
without  reducing  its  strength  below  a 
safe  liivel  is 

1.  normal  stress  limits 

2.  corrosion  damage  limits 

3.  tensile  strength 

4.  limit  of  elasticity 


\ 


Learning  Objective:    Identify  the 
sources,  effects,  and  prevention 
of  pollution. 
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lA-48.    The  contamination  of  the  air  is  done/  14-57. 
usually  with  / 

1.  unwanrcil~gaSed';~'s tG"dge ,  anE~other 
substances 

2.  unwanted  gases ,  smoke,  and  other  sub- 
stances 

3.  unwanted  gases ,  sound,  and  smoke 

..  4.  .sludge,  sound,  and  smoke  14-58. 

14-49.    When  were  the  first  complaints  registered 
against  air  pollution? 
1.    Latter  part  of  the  19th  century 
^ '    Early  part  o^f  the  19th  century   


14-50. 


14-51. 


14-52. 


14-53. 


14-54. 


What  fuel  produces  60  percent  of  all 
sulfur  oxides  when  burning? 

1.  Oil  ' 

2.  Coal 

3.  Gasoline 

4.  Diesel 


Why>  if  ever,  are  nitrogen  oxides  that 
automobile  engines  emitt  so  hard  to  con- 


lli-55. 


3. 
4, 


Early  part  of  the  20th  century 
Latter  part  of  the  20th  century 


trol? 

Reducing  other  pollutants  tends  to 
increase  the  output  of  nitrogen  oxides 
2.    Reducin?^  other  Pollutants  tend8_t_o__ 


Pollution  control  laws  were  adopted  by 
Chicago  and  Cincinnati  -as  early  as 

1.  1801 

2.  1918 

3.  1781 

4.  1881 

Los  Angeles  smog  is  mainly  due  to  < 

1.  sunlight  on  gases  emitted  by  car 
exhaust  systems 

2.  ^  sunlight  off  water 

3.  sunlight  from  the  smoke  of  its  fac- 
tories 

4.  strong  winds  , 

How  many  classes  of  air  pollution  are 
pumped  into  the  air? 

1.  Five 

2.  Six 

3.  Three 

4 .  Four 

Pollution  caused  by  the  incomplete  burn- 
ing of  the  carbon  in  fuels  is  called 

1.  carbon  trioxide 

2.  carbon  d:*.oxide 

3.  carbon  monoxide 

4 .  sulfur  oxides 

Two-thirds , of  the  carbon  monoxide  in  the 
air  comes  from 

1.  steam  engines 

2.  internal  gasoline  combustion  engines 

3.  internal  diesel  combustion  engines 

4.  carbon  dioxide 

Forty-two  percent  of  particulate  matter 
pollution  is  caused  by 

1.  forest  fires 

2.  stationary  fuel  combustion 

3.  industrial  process 

4.  automobile  engines 


14-56.     The  particulate  emitted  from  industrial 
sources  that  can  cause  lesions  in  the 
^       lung  is  ..Called 

1.  asbestosis 

2.  lead 

3.  asbestos 

4.  beryllium 


14-59. 


lA-60. 


14-62. 


decrease  the  output  of  nitrogen  oxides' 
3.    Reducl::g  other  pollutants  has  no' 


14-61. 


effect  on  the  output  of  nitrogen 
oxides 

4.    Nitrogen  oxides  do  not  require  contripl 

When  was  the  first  Federal  program  dealing 
with  air  pollution  created? 
1..   1945  — 
2.  1952 

'3.    1955  "  '  \ 

4.  1965 

When  were  the  standards  established  for 
motor  vehicle  pollution  amended  to  the 
1963  clean  air  act? 

1.  1963 

2.  1965 

3.  1970  * 

4.  1975 

What  is  the  purpose  of  the  PCV  valve? 

1.  To  allow  fuel  vapors  to  flow  from  the 
intake  manifold  so  the  engine  will 

.not  pollute  the  air 

2.  To  allow  crankcase  vapors  to  bl^nd 
with  the  fuel- air  mixture  in  the  com- 
bustion chamber 

3.  To'  prevent  crankcase  vapors  from  seep- 
ing into  the  exhaust  manifold 

4.  To  previent  crankcase  vapors  from' seep- 
ing into  the  intake  manifold 

The  air  injection  system  installed  on  some 
automotive  gas  engines  consists  of  a/ an 

1.  air  puiup,  air  manifold,  relief  valve, 
and  diverter  valve 

2.  air  pump,  air  man/fo3d,  check  valve, 
and  diverter  valve 

I  3,     aiv  punp,  check  valve,  relief  valve, 
and  hydrauJlc  motor 
4.    check  valve,  relief  valve,  hydraulic 
motor,  and  reverse-flow  manifold  - 
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14-63  •    Which  two  categories  of  water  pollutioi^' 
is  the  Navy  mainly  concerned  w^th?  i 

1.  Eutrophicatlon  and^anaerobic^  / 

2.  Oil  arid  anaerobic 
•    3.    Organic  waste  and  anaerobic  / 

4.  ,1  Organic  waste  and  oil  / 


■f        -     .  ^  /•«  /  ^ 

14-64.    A  pollution-resistant  tyi^e  fish- is/ calie^d 

1.  carp  •  / 

2.  catfish  ,  ' 
3*  basb 
4.  trout 
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A  FINAL  QUESTION;  ' What  did  you  think  of  "this  course?  Of  the  text  material  used 
with  the  course?  Comments  and  recommendations  received  from  enrollees  have  been 
a.  major  source  of  course  improvement.  You  and  your:  command  are  uifged  to  submit  your 
constructive  criticisms  and  your  recommendations.  This  tear-out  form  letter -^is 
provided  for  your  convenience.  Typewrite  if  possible,  but  legible  handwriting  is 
acceptable • 


.  ^  .  Date_ 
-From: 


ZIP  CODE 


To:    .     Naval  Education  and  Training  Program  Development  Center  pdd-7 
•  •       Building  922  « 
Pensacola,  Florida  32509 

Subj:  NRCC/RTM  Aviation  Suppo'rt  Equipment  Technician  M  3  &  2,  NAVEDTRA  '3  0315-8  - 
1.  The  following  comments  are  hereby  submitted: 
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COURSE  DISENROLLMENT  \ 


All  study  mterials  must  be  returned*  On  disenrolling , 
fill  out  only  the  upper  part  of  this  page  and  attach 
it  to  the  inside  front  cover  of  the  textbook  for  this 
course.  Mail  your  study  materials  to  the  Naval 
Educatiofi  and  Training  Program  Development  Center.. 


PRINT  CLEARLY 


NAVEDTRA  Number 

COURSE 

TITLE 

10315-B' 

AVIATION 

SUPPORT  FQUri'MENT  TECHNI,CIAN  M 

3  &  2 

Name-  Last 

First  : 

  ii 

 "Z^^'^'^  •' 

drile 

Rank/Rate 

Designator 

Social  Security  Number 

COURSE  COMPLETION  ^ 

Letters  of  satisfactory  completion  are  issued  only  to 
personnel  whose  courses  are  administered  by  the  "aval 
Educat2on  and  Training  Program  Development  Cent~erT~Orr~ 
completing  the  course,   fi.ll  out  the  lower  part  of  this 
page  and  enclose  it  with  your  last  set  of  self-scored 

  answer  sheets.  Be  sure  mailing  addresses  are  complete. 

Mail  to  the  Naval  Education  and  Training  Proqrair» 
Development  Center. 


NAiME 


ZIP  CODE 


MY  SERVICE  RECORD  IS  HELD  BY: 


Activity 


{-  Address  ZIP  COOK 


Signature  of  enrollee 
FDD  Form  11,1 
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